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PREFACE 


Though many aspects of modern life are affected by scientific 
progress, and botanical science can claim a fair share of credit 
for the beneficial part it plays in this advance, it is scarcely 
too much to say that, in the minds of most people, botany is 
not considered to be in the same sphere of usefulness as physics 
and chemistry. It is still commonly regarded as a study more 
appropriate for the gentler sex than for other people ; and 
its scope is often supposed to be purely academic, determined 
therefore by the syllabuses of examination authorities and 
embodying details which can be readily forgotten after the 
necessary credit has been obtained at school. 

There is no doubt that botany, and, indeed, biology itself, 
is still badly neglected as an educational subject, especially in 
boys’ schools. Without going far to seek the reasons, it may 
be said that one is because little attention is usually given to 
the everyday aspect, although it is for this very reason that 
authorities are now pleading for the inclusion of biology in all 
school courses. Few chemistry textbooks deal with chemical 
elements and compounds without also discussing their com- 
mercial manufacture and uses ; and a physics textbook — even 
an elementary one written especially for a definite grade of 
examination — is a veritable epitome of everyday life — heat, 
light, radio, telephony, and so forth. There is every reason, 
therefore, for botany to be treated in a similar way. 

Such has been the aim of this book. Naturally, just as in the 
case of textbooks on chemistry and physics, the purely academic 
interest of the subject has not been made subservient to its 
everyday applications. A true appreciation of the applied side 
of science can only be attained on a basis of ‘ pure ’ vscience. 
The immediate aim has been to present botany as a progressive 
branch of science, with the ultimate aim of showing its utilitar- 
ian, value. 
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The requirements of the student working for examinations 
have not been neglected, however, and the subject matter covers 
the syllabuses of the various School Certificate and Matricula- 
tion examinations. In this connexion, it may be stated that the 
physiological aspect has been emphasised in order, if possible, 
to treat the plant as a living entity . It is worthy of note that a 
large percentage of examination questions are physiological. 

By dealing with the everyday applications of plants and 
their products, such as foodstuffs, commercial commodities, 
etc., it is hoped that the book will prove useful not only to 
students reading for School Certificate examinations, but also 
as a means of introducing the subject to those who hope 
finally to take up medicine, pharmacy, forestry, horticulture 
or agriculture as a career. 

My thanks are due to Messrs. Macmillan and Co., Ltd., for the 
use of some illustrations from other of their publications, and 
also to various authorities for permission to reproduce certain 
diagrams and photographs. The sources of these will be found 
in the appropriate places. It is hoped that the inclusion of 
such authoritative illustrations will add to the value of the 
book. More than 130 other illustrations have been prepared 
by myself. 

I also wish to express my thanks to Mr. N. P. Gough for 
much help in the preparation of the index. 

From the earliest stages in the preparation of this book, I 
have been fortunate in having the generous help of my prin- 
cipal, Sir Richard Gregory, Bart., F.R.S. He proffered much 
valuable advice, and thus helped me to formulate the aims 
and scope of the book in the beginning. Throughout the 
writing of the text and the drawing of my diagrams his guid- 
ance and criticism were invaluable ; and I had the benefit of 
his help during the whole of the time that the book was going 
through the Press, in proof-reading, etc. If the book wins the 
approval of the reader, for which I am hoping, it will be due in 
no mean measure to Sir Richard Gregory, to whom I am 
grateful. 

L. J. F. BBIMBLE. 

London, Jarie 1934. 
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CHAPTER I 
LIVING THINGS 


Ik the minds of many people the science of botany, or the study 
of plant life, signifies scarcely anything more than a subject of 
academic or cultural interest. The question is often asked, 

What is the use of it ? ” Of course, this question is constantly 
cropping up in connexion with all branches of science — Yes, a 
most interesting discovery ; but what is the use of it ? ” 

It sometimes happens that a discovery has an immediate use, 
but more often the only answer to the question is that the dis- 
covery may prove useful some day, or that it may form a rung in 
the ladder to greater heights of achievement. In any case, every 
discovery, however academic or ' economically useless ’ it might 
seem superficially, must always be welcomed as an achieve- 
ment, another impetus to the march of the times^ — Progress. 
For the vorld admires nothing more than something having 
been done — achievement — whether in sport, art, literature, 
polities, business, science, or in breaking speed records. 

Who would have thought, for example, that Michael Faraday’s 
discovery of electro -magnetic induction, in the Royal Institution 
in 1831, would have revolutionised transport, travel, lighting, 
heating, and all forms of industry and so forth — in the applica- 
tion of electricity to everyday life ? Certainly not the discoverer 
himself. Yet, when asked what was the use of it all, Faraday 
made the epigrammatic reply : “ What is the use of a newly 
born babv ? ” 

So may the same be said of the science of botany. When it is 
known that botany involves much more than the mere counting 
of petals on a. flower, and really includes everything relating to 
the plant lingdom and its cultivation, then it will be realised 
that many discoveries have been made and have developed 
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and produced important results, though in their early stages 
they seemed scarcely to justify their existence. 

To-day, a imowledge of botany is essential in very many 
industries, occupations and vocations. A knowledge of the struc- 
ture (morphology) of plants is necessary to all who are seriously 
interested in their cultivation — for example, farmers, gardeners, 
planters (tea, rubber, sugar, etc.) ; the function of plants and 
their life processes (physiology) to the same type of person and to 
the physician ; the structure of fossil plants (palaeobotany ) to the 
geologist and others interested in the past and present structure 
of the earth ; the diseases of plants (plant pathology) to all culti- 
vators ; and the breeding of plants (genetics) to all who are con- 
cerned with obtaining new or better types of fruits, flowers or 
vegetables. 

It is, however, useless to try to run before learning to walk ; 
therefore, before studying the practical uses of botany and how 
plants are related to the needs and interests of everyday life, it is 
desirable to examine the plant from the purely structural and 
functional points of view. Closely connected with such work 
are the classification of plants (systematic botany), their distribu- 
tion (geography), and their relations to each other and their sur- 
roundings (ecology). After a general acquaintance with the nature 
of these fields of inquiry the romance of plant life will reveal 
itself, and it will be realised what an important science botany is 
and has been since man learned to make use of plants and their 
products for his pleasure and sustenance. 

In the study of plants, whether they are ima condition of health 
or disease, it is necessary to remember that they are living things. 
It may seem easy to define what are living things, because the 
average living thing is so obviously alive, but actually to do so 
with scientific accuracy is really very difficult. All that can be 
said is that living things possess certain characters in common, 
and these provide the power which results in the phenomenon of 
what we call life. 

On the other hand, other familiar objects, such as a piece of 
glass or a bar of iron, have no life and are said to be non-living. 
A dead plant or animal could conceivably be placed in the latter 
category. Actually, however, dead things are not classified with 
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Eoii-living things ; for the latter has no life, but, more important 
still, it never did possess life. On the other hand, a dead thing, 
though it no longer possesses life, did so at one time. There are, 
therefore, three forms of matter from the botanist’s point of 
view : living, dead, and non-living. 

Differences between Living and Non-Living 

It is easy, of course, to distinguish between a living and a dead 
thing. The former has life and the latter, though it did possess 
life at one time, has now lost it. It is, however, the non-living 
thing, rather than the dead thing, which concerns us most in the 
solution of the problem. 

Men of science and philosophers, from very early times, have 
attempted to define life, and even to prove that all living things 
possess souls. Aristotle, the great philosopher, who may be 
looked upon as the ' father of biological research,’ spent 
some considerable time trying to establish the presence of 
souls in plants. For many centuries it was not realised 
that to define life clearly is practically impossible. But the 
chief differences between living and non-living, to be con- 
sidered now, were emphasised chiefly by Professor Claude 
Bernard, a great French man of science who lived in the 
nineteenth century. 

Perhaps it is as well to realise from the beginning that we shall 
not completely reach our goal — that is, we shall not discover a 
fundamental difference between the living and the non-living. 
A fimclamental difference, of course, is one which includes every 
case of living and non-living things on the earth. 

However, disappointing though this problem may be, there is 
no reason why we should not attack it and see how far we can 
solve it. We are looking for a fundamental difference between 
the living and the nmidiving. Casual considerations bring 
several possibilities to the mind. For example, it may be sug- 
gested that living things move about, whereas non-living things 
do not. But a more detailed examination will reveal that this is 
not true of every case. No one would dream, for example, of 
suggesting that a railway engine, or an aeroplane, or a motor-car 
cannot move, yet they are undoubtedly non-living things. 
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Therefore, it must be agreed that mere ability to move is not a 
real distinction between these two great groups. 

Take another example. It might be suggested that since we 
can see, therefore we are alive. The same could be said of the 
ether senses. But this is not much help, for there are thousands of 
things, such as plants and many animals, which are living but 
possess no semblance of an eye and therefore cannot see. Also 
many unfortunate human beings are blind, yet are able to live 
quite well. So one could go on with other examples which, on 
their face value, give the fundamental difference we are seeking, 
but, on closer examination, are found to possess many exceptions. 

Since, therefore, such a fundamental difference between the 
living and the non-living seems to be impossible to define, the 
next best thing is to try to find those differences which are the 
nearest to being complete. Actually there are three differences 
between the living and the non-living which will prove helpful to 
us, for although they do not embrace all cases, they do embrace 
the Inajorit3^ 

Tlie first great difference between the living and the non-living 
is the power of growth. Nearty all living things grow during 
some part of their life, whereas the majority of non-living things 
do not. However, some do ; for example, stalactites, which are 
formed in caves and under bridges hy the deposition of calcium 
carbonate from constantly dripping water, gradiiall^y increase 
their bulk, chiefly in length ; very slowdy it is true, but it can be 
said that they are growing. Also, the crystals of some chemical 
substances, such as copper sulphate, will grow in size if placed in 
a solution of the same substance. Growth is therefore not an 
exclusive characteristic of life ; but the exceptions are so few 
that it may be looked upon as being a good characteristic of 
living things. 

The second difference is more distinct. It is well known that 
living things possess the power of producing new living things— 
that is, young ones like themselves. For example, birds lay eggs 
from which young birds are batched ; horses give birth to foals 
which finally grow up into adult horses ; and many plants pro- 
duce seeds from wdiich new plants develop. 

There are many ways in which living things produce new 
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living things, and the process is called reproduction. Not a single 
non-Mviiig thing can do this. So the power which living things 
possess of reproducing themselves seems to be an excellent dis- 
tinction. Blit, it is not infallible, for there are exceptions. 
Many living things do not possess the power of reproduction. 

The third difterence is less perfect than either of the other two. 
If yon were to put your finger on a red-hot poker, you would soon 
withdraw it. You feel the heat, and since it is painful you remove 
3 ^ourself from the source of the heat. On the other hand, if a 
non-living thing like a bar of iron were in your place it would not 
move away. Again, most plants, especially green plants, like 
light ; in fact, it is necessary to them. If such a plant were put 
in a darkened place, with just a little light coming from one 
point, it would slowly bend towards the source of light. In these 
two cases, it is said that the animal responds to the heat and the 
plant responds to the light (see Chap. XXII). The light and the 
heat are referred to as stimuli and the plant responds to the 
stimulus of light. This ability of living things to respond to 
stimuli gives us the third difference. 

These three differences betw^'cen the living and the non-living 
are tiie l)est that are known at present. They are : 

(1) Living things possess the power of growth, whereas few 

non-living things do. 

(2) Most living things possess the power of reproduction, 

%vhereas no non-living things possess such power. 

(3) All living things possess the power of response to various 

stimuli, whereas few non-living things possess such 

power. 

Plants and Animals 

There are two great groups into which living things may be 
classed : plants and animals. Both the plant and animal king- 
doms are much more extensive than we usually imagine, as will 
be .shown' in. Chap. II. 

Now, it has already been seen that a clear line of demarcation 
cannot be drawui between the living and the non-living. Similarly, 
it may be .said that Nature knotvs no hard and fast lines of dis~ 
imcMon betiveen plants and animals. Therefore, in some cases, the 
question of grouping these living organisms is a difficult one. To 
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get over this difficulty, such cases are placed in neither of the 
great groups, but are given a group to themselves and are called 
plant-animals. But these plant-animals are comparatively rare ; 
all of them are so small that they cannot be seen with the naked 
eye, so we can afford to ignore them in this present study. 

There are millions of different plants ; but there are even more 
millions of different kinds of animals. Plants vary in size and 
form, from the majestic trees of our forest and woods to speci- 
mens much smaller than grains of dust ; for example, bacteria. 

Many plants and animals are so small that they cannot be seen 
with the naked eye. In this respect, they resemble the stars in 
the heavens. On a clear night many stars of different sizes may 
be seen ; but if an instrument called a telescope, which enables 
much fainter bodies to be seen, be used, then many more stars 
are revealed — stars which cannot be detected by the unaided eye. 
Only about five thousand stars are visible in the whole heavens 
to the naked eye, whereas at least a hundred millions can be seen 
through a large telescope. 

In a somewhat similar way plants and animals may be 
examined. The instrument used for this purpose is called a 
microscope. It can magnify views of plants and animals many 
hundreds of times. If the microscope had never been invented 
(see Chap. V) many plants and animals, now familiar to the 
scientific worker, would have escaped his knowledge. Fig. 1, for 
example, is a drawing of a complete plant, magnified 1500 
times. This plant thrives in fresh water and is called Ohlamy- 
doMonas. It can be seen only with the aid of a microscope, and 
is clearly different in size and form from, say, an elm tree. 

Differences between Plants and Animals 

Just as it was found desirable to get some idea of what is 
meant by life, so is it necessary to consider what is meant by a 
plant and an animal. The best way to do this will be, as in the 
previous case, to differentiate between the two organisms, and 
since Nature knows no hard and fast rules and lines of differentia- 
tion, we shall find it impossible to do this with absolute precision. 
There is no fundamental difference between plants and animals. 
If there were, the organisms called plant-animals would not exist. 
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Consider some of the superficial differences. For example, it 
might be suggested that an animal such as a dog has a head, legs 
and tail, whereas a plant has not. The latter is true of all cases ; 
but the former certainly is not, as in the case of a jelly-fisli or an 
oyster. Again, it might be said that plants have roots^ stems, leaves 
and flowers, but that animals have not ; but there are thousands 
of plants which do not possess such things, as, for example, 
Chlamydomonas (Fig. 1 ) . So 
we could go on in this fruit- 
less effort to find an absolute 
distinction between plants 
and animals — that is, one 
which involves all knovTi 
cases. Nevertheless, as in 
the previous problem, this 
does not deter us from look- 
ing for certain differences 
which involve the majority 
of cases. 

There are three such dis- 
tinctions, one of which is of 
primary importance. The 
other two are only secon- 
dary, for tliere are so many 
exceptions to them. These 
can therefore be dismissed 
in a few words. 

First, the majority of ani- 
mals are free to move about, whereas the majority of plants are 
stationary. The reason for this is that plants can obtain their 
food without moving ; but animals have to go in search of 
it. Yet there are many exceptions. Coral, for example, is 
stationary during the greater part of its existence, and, on 
the other hand, Chlamydomonas^ a plant, can swim freely in 
the water. 

Plants, in contradistinction to animals, are usually branched. 
This is clearly seen in the case of our familiar trees, shrubs and 
herbs ; but there are many exceptions in other plants, such as 



Fig. 1 . Chlamydomonas, a unicel- 
lular Plant ( x 1500), 
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and bacteria. Few animals are branched ; in 
fact, most animals are of a definite shape. This gives us another 
good distinction between the two groups. 

The third difference between plants and animals, although not 
a perfect one, is by far the best and is of the greatest importance 
to all living things. The difference lies in the way in which plants 
and animals obtain their food. 

Nutrition 

All living things must have food in order to carry out the mani- 
fold processes necessary to their existence. Plants and animals 
absorb food-stuffs into their bodies. We, for example, take food 
either as a solid or a liquid, through the mouth, whence it passes 
to the stomach, and thence into other parts of the gut. During i 
this passage from the mouth and through the gut, the food is 
digested (see Chap. XI). The whole process of taking in food, 
whether it be in plants and animals, and absorbing it into the 
system of the organism, is called nutrition. 

All food-stuffs are chemical compounds, some rather simple 
ones, such as water, and others very complex, such as those 
found in meat. The chief elements which unite in different ways 
to give the hundreds of different compounds in foods are : 
carbon, oxygen, hydrogen, and nitrogen. Other elements are 
found in some foods, such as sulphur and phosphorus. The | 
question is : how do these elements unite to produce the various 
food-stuffs known to us ? 

The elements are comparatively easy to obtain, since they are 
present in the soil and the air. Once extracted from these 
sources they are built up by various complex chemical processes 
into the different forms of food. The manner in which the 

.| 

elements unite gives the clue to the difference between plants 
and animals. 

It is well known that chemical elements will unite to form 
chemical compoixnds. Sometimes they unite spGntaneQusly ; 
but often the reaction has to be stimulated by heat or the pres- ^ 
ence of another chemical. Such cases will be considered later. 

The chemical compounds present in food-stuffs are not formed by 
the spontaneous union of the elements. The elements will not 
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itiiite except in the presence of the green colouring matter which 
is so characteristic of green leaves and young stems. This 
colouriiig matter is a mixture of several chemicals (see Chap. XI) 
and is called chlorophyll. In no circumstances are foods manu- 
factured in .Nature from the raw elements without the help of 
chlorophyll. Therefore the essential regions of food manufacture are 
foliage leaves. They may be looked upon as the food factories of 
the plant. 

Thus, by virtue of possessing green leaves containing chloro- 
phyli, plants can manufacture their food-stuffs from the raw 
elements. On the other hand, animals cannot, for they do not 
possess chiorophj^IL Yet animal food is essentially similar to 
plant food: Since, therefore, animals cannot manufacture food 
for themselves, the}- must perforce depend upon plants for it. 
That is the reason why we ourselves eat such plant organs as 
potatoes, cabbage, peas, nuts, fruit, etc. We cannot manufacture 
our food, so we consume those living things which do. Some 
animals depend directly upon plants for their food ; for example, 
the rabbit, which in the wild state lives entirely on the vegeta- 
tion around it. On the other hand, some animals eat very little 
plant food ; for example, the dog, lion and many snakes. They 
eat other animals and animal products, such as bone, meat and 
milk. But, sucli animals still ultimately depend upon plants for 
this food. For example, a cat can live almost entirely on milk, 
but the milk comes from the cow and the food present in the 
milk has been produced by the cow from the grass and other 
plants which it had formerly eaten. Thus there are two 
types of animais from the point of view of nutrition : those 
which depend upon plants directly, like the rabbit ; and those 
which depend upon plants indirectly, like the dog. There is a 
tliii'd t3"pe such as ourselves, which depend upon plants directly 
by consuming plants, and indirectly by consuming other animals. 

In one way, therefore, plants are much more independent 
living things than animals. They could live on the earth quite 
comfortab]\^ if animals were non-existent ; but, without plants, 
the whole animal kingdom would soon perish. Here lies the chief 
point of difference between the two groups. It is a difference of 
nutrition. Plants manufacture their own foods ; animals take 
a.2 
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theirs already inamifactured. The former is called holophytic 
nutrition and the latter holozoic. 

This distinction in mode of nutrition is not a fundamental one, 
for there are many exceptions. Some plants, such as the mush- 
room, are not green and therefore contain no chlorophyll. They 
therefore are not holophytic (see Chap. XIV). Also a few 
animals are holophytic. Such animals are ail microscopic ; but 
they contain chlorophyll. 

The chief differences between plants and animals therefore 
are : 

(1) Many animals move about ; few plants do. 

(2) Many plants are branched ; few animals are. 

(3) The nutrition of plants is holophytic ; and that of animals 

is hoiozoic. 

The stud}’^ of all living things is called biology — that is, the study 
of life. It is possible, of course, to study life from many points of 
view, and therefore the science of biology may be subdivided. 
For example, the study of animals is called zoology, from th§ 
Greek, zoon, animal, and logia, to speak : and the study of plants 
is called botany, from the Greek, hotane\ herb. We shall concern 
ourselves chiefly with the study of botany, with an occasional 
reference to zoology in an attempt to get a clearer idea of the 
kingdom of plants, its constitution and how it works. 


CHAPTER II 
THE PLANT KINGDOM 

It is quite clear, mereR from a casual observation of the vegeta- 
tion of a garden or a meadow, that plants vary, to a considerable 
degree, in size and form. A clear idea of the nature of plant life 
cannot, therefore, be obtained from a study of plants in general. 
It is necessary to secure first of all some conception of the various 
types of plants and then to examine a few in greater detail. 

Now, though it is obvious that many plants differ from each 
other, it is just as clear that others resemble each other very 
f^*losely. In this respect the plant kingdom may be said to re- 
semble a whole nation of people. A casual study of any crowd of 
people will show that although the individuals are different from 
each other, yet, in many cases, there is a strong resemblance. 
For example, we might meet two negroes in the street. They 
resemble tlie white man very closely in that they have the same 
organs such as legs, arms, eyes, and they can talk and think like 
the white man , But they differ in that their skin is very dark in 
colour, their facial features are of a different shape, etc. Thus 
they can be separated from the white man because they differ 
from Mm ; but both white and black can be classed together 
because in spite of minor differences they do resemble each other. 

In this way could we go on subdividing people into various 
grades or classes, just like the classes or forms in school. Such a 
segregation into classes is referred to as classification. 

Plants too are classified in a similar manner. Attempts to 
classify plants have been made from the earliest times. Aristotle 
and his pupil, Theophrastus, did so ; and many have done so 
since. A brief survey of the present-day methods used in classi- 
fication must be left for later consideration (see Ghap, XXIV). 

Many plants bear seeds : on the other hand, many other plants 

• ir. 
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do not. The total number of different kinds of seed-bearing 
plants, alone, on the earthis approximately 120,000. 

Plants, therefore, may be classified first into two great groups : 
those which bear seeds and those which do not. This classifica- 
tion, however, like all classifications, cannot be absolutely rigid, 
for Nature knows no sharp lines of demarcation. 

Seed Plants and Non-Seed Plants 
The classification of plants into seed plants and non-seed 
plants is essentially a broad one. Still bearing in mind these two 

^^celf-wall 



Eig. 2. Pfotococma, a Thallophyte ( x840). 

great groups, the plant kingdom can be subclassified into five 
divisions, three of which contain non-seed plants, and two, seed 
])lantH. The five divisions can be arranged roughly in order of 
complexity — -that is, from simple to complex. 

(1) Thaliophyta. The simplest kinds of plants, which, how- 
ever, are not necessaril}^ the smallest, are found growing chiefly 
in the sea, lakes, rivers, ponds, and also on land in very damp 
situations. They constitute the group Thallophyta. An 
example of this group m Chlamydomoms (Mg. 1) . Another is the 
green, powdery growth seen on damp wood and the bark of 
trees. This green powder is actually composed of millions of the 
small, microscopic plant called This plant is roughly 

spherical in shape as seen in Fig. 2, and is clearly a real plant, for 
it is green and therefore holophy tie. 'Protococcus will not live 
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iiniess it is present in damp situations where plenty of water is 
available. This is well illustrated by the way in which it grows 
on the trunks of living trees. The windward side of the trunk is 


spnaliy coiled ^cytoplasm vacuole ^nucleus 



Fig, 3, Spirogym, a THAnLOPHYTE ( x 110). 


usually much damper than the leeward side, since the rain beats 
with the wind. Hence the windward side appears much greener 
owing to the presence of many more millions of these Protococcus 
plants, especially after a storm of rain. 

Another plant, simple in structure, and belonging to the same 
group, is the one responsible, together with other plants, for the 
green scum seen floating on the surface 
of stagnant ponds and pools. If a little 
of this scum is taken and placed in a 
glass of water, it will be seen to be com- 
posed of threads or filaments. These 
green filaments are plants called Sinro- 
gyra. Under the microscope this plant 
presents a very beautiful appearance 
(see Fig. 3). 

Next ive come to those plants wiiich, 
though comparatively simple in struc- 
ture, are much more complicated 
than those so far considered in this 
group. They are the seaweeds, which, 

^ ^ ‘ik, ximi oni-a. vv ttAUis. 

as their name implies, grow in the sea. (Fucus aermtus), a Thau- 
Some seaweeds are very familiar. Fig. (A" liatural size), 

A 1 'll 1 1 11 1 (After Thompson.) 

4 shows a w’’eli-knowii seaweed called 

the sea wrack {Fucus serratus). It appears to be formed of 
stems and leaves ; but actually it is not, for although those 
structures are different in shape, their internal structure is 
very similar,' whereas the internal structures of true stems and 
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lower part 
of thallus 


^.Mipe 


leaves differ considerably. The stem-like portion of the seaweed 
is called the stipe, and the leaf -like portion, the thallus. The 
bladders which are found on some species of seaweed are to 

make the thallus buoyant so 
that it sways about in the 
water and does not lie recum- 
bent on the sea floor. At the 
base of the stipe is a flattened 
portion called the holdfast, by 
means of which the plant clings 
tenaciously to rocks, the piles 
of a pier, or the walls of a 
jetty (Fig. 5). 

There are three groups of sea- 
weeds, the green, the brown, and 
the red. The green seaweeds are 
found in very shallow water 
and are very often exposed to 
the atmosphere. The brown 
seaweeds either grow right un- 
der the water, or between tide 
marks, so that they become ex- 
posed at low tide. The red sea- 
weeds are the less common of 
the three and grow in still 
deeper water. 

Some seaweeds are very large. 
The thallus, in some cases, 
reaches a length of more than a 
quarter of a mile. What is called 
the Sargasso Sea, in the North 
Atlantic Ocean, is the centre of 
a vast eddy in which such sea- 
weeds accumulate. Here they float on, and near, the surface of 
the water, and were at one time a great nuisance to navigation. 
' This Sargasso Sea was first reported by Columbus, whose ship 
was involved in it for several days. 

One would think that the brown and the red seaweeds, since 



holdfast 




Fig. 6. Basb of the Stipe of 
Fucm serratm , Showing the 
Holdfast ( x|). 
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they are not green, could not be holophytic ; but actually they 
are, for they do contain chlorophyll. Brown seaweeds contain 
chlorophyll together with a brown pigment, which masks the 
green colour. Red seaweeds contain chlorophyll together with 
a red pigment. 

All the plants so far considered are placed in the sub-group of 
the Thalloph 3 da called Algae. The other sub-group of the 
Thallophyta is the Fungi, This group contains a great variety of 
plants. Many of them are of microscopic dimensions, whereas 
others are comparatively large and conspicuous (Fig. 6). Some 
fungi are useful to man ; for example, the common edible mush- 
room (Fig. 6) and the truffle, a fungus wfflich is an article of diet 
on the Continent but does not grow in Great Britain and is there- 
fore expensive. A curious feature of this plant is that the edible 
portion, like the rest of the plant, grows below the surface of the 
soil (Fig. 6). It is therefore a difficult problem to locate the 
plant ; and to dig up all the soil where its presence is suspected 
would be laborious and expensive. However, the farmers who 
cultivate truffles have discovered that pigs can smell the plants 
while they are still growing under the soil. The pig is therefore 
driven slowly over the ground and, since it is fond of truffles, it 
roots them up with its snout ; the}^ are then immediately taken 
from the pig. Many fungi are very poisonous, such as the toad- 
stools or ‘ seats of death’. 

Other familiar fungi are the moulds which grow on de- 
caying plant and animal material such as damp bread, jam, 
old leather and farmyard manure (Fig. 0). Other fungi, closely 
related to the moulds, live on other living plants and animals, 
thus causing disease, such as the potato blight disease (Fig. 6), 
various leaf-curl diseases, and the ringworm disease of human 
beings (see Chap. XIV). 

Closely related to the fungi is a great group of plants called 
Bacteria. All the bacteria are of microscopic size. They may be 
spherical, rod-shaped or spiral (Fig. 7). They are of outstanding 
importance. Some are beneficial to man and the lower animals, 
others are useless but harmless, whereas others are veiy harmful. 
To get some idea of the size of bacteria, the number of times that 
the diagram is enlarged should be carefully noted. 
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(2) Bryopiiyta. The Bryopliyta form the second group of the 
noii-seed-bearing plants. This group contains ail the mosses, 
Musci, and the liverworts, Hepaticas, which are much more 
coniplicated in structure than the 
Thallophyta (Figs. 8 and 9). The 
majority of liverworts grow in 
damp situations or actually in 
fresh water. The plant body is 
called a thalliis and is ver}^ similar 
in appearance to a green seaweed. 

Mosses, on the other hand, have a 
simple stem and leaf structure. 

(3) Pteridophyta. Still more 
complicated in structure than the 
Biyophyta are the Pteridophyta, 
which constitute the third group 
of non-seed plants. This group 
contains plants with a definite 
stem and root structure and a 
great variety of leaf forms . Such 
plants are very like the flowering plants with which we are 
so familiar, but differ from them in that they do not in any cir- 
cumstances bear flowers. All the ferns belong to this group. 



Fig. 7. Types of Bacteria 
( X 1500). 



Well-known examples are the common bracken, which grows on 
heaths and in open woods, the shield fern (Fig. 10), which grows 
in damp, shaded places such as the banks of secluded streams, 
and the hart's tongue fern, which grows on dry banks and on 
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walls (Fig 11). In tropical countries, especially in the iorests, 

fefi S£n a great srie, even to the extent of being tree-like 

^^(4) Gymnosperms. The Gymnosperms are the first group oi 
the seed plants. Nearly all of them are trees. They bear floweis 
and seeds ■ but, unlike the next group of flowering plantesuch 
as the ros^. dandelion, and pea, the seeds are borne naked 




Fig. 10 . The Shield Fern 
{Nephrodium Filix-mass). 

A leaf (A-) and, to the left, a 
portion of the under surface 
of the leaf bearing reproduc- 
tive structures ( x 2). 

{After lAiemen.) 

exposed instead of being enclosed in a ease. For this re^on they 
are placed in a separate group. Well-known examples of th 
Gymnosperms are the pine, fir and larch trees (h ig. 13). ^ 

are nearly all large plants and, indeed, the ^oup contains the 
largest and oldest examples of plants that exist to-day. ^ 
For example, the redy^riSegMoia) or big tree of CaMorma 
is so huge that in one case a carriage drive has been cut through 
the trunk, without killing the tree {Fig. 14). 
of these redwood trees is still growing on the south side of ban 
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Francisco Bay. It must be of very great age, although the exact 
date of its birth is not knovm. Its history was traced in 1931, 
and it was found that its earliest records go back to the first 
Spanish explorers of that region. In 1769 Gaspar de Pabola 
camped beneath it, and in 1777 it was already a very large tree 



Fig. 11. The Hart’s 23 feet. How this history could 
Tongue Fern (Scolo* have been traced will be seen in 
penarvum vulgare) Q|^ap III 

Gymnosperms used to be much more common on the earth 
than they are now, as fossil evidence shows. 

(5) Angiosperms. The fifth and final group contains the 
most popular and well known of all the plants. They are 
the flowering plants which bear seeds enclosed in some kind of 
case (see Chap. XVIII). 


We have now divided the plant kingdom into five groups, 
namely : Thallophyta, Bryophyta, Pteridophyta, Gymnosperms, 



and Angiosperms. An interesting thing to note in connexion 
with this classification is that, apart from the Fungi, which, as 
will be seen, form a very exceptional group, all the Thallophyta 








Fia. 13 . Larch Trees (Larix europcea) in Winter. 
(Photo, Eenry Irving.) 


live either entirely submerged in fresh or salt water or m very 
damp situations. The Bryophyta and the Pteridophyta live 
chiefly in very damp situations or entirely vsubmerged. On the 
other hand, nearly all the Gymnosperms and Angiosperms live 
on drv land. 
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There seems thus to be a gradual transition from simple to 
complex plants j and also from water to dry land. In this respect 
plants are similar to animals. There is reason for believing that 



Fig. 14. A Koadway cut through the Base of a Big 
Tree (Neguoia) at Wawona, California. 

(Photo. Dr. Clyde Fisher ^ American Museum of Natural History.) 

all t\^es of life in the first place began in the sea, and through- 
out the ages which stretch over millions of years, as the 
various organisms became more complex, they invaded the 



22 


EVERYDAY BOTANY 


land. To-day we have all stages of this process both in the 
plant and the animal kingdoms. 

Plants and animals living in the sea (aquatic) and those living 
on the land (terrestrial) are very familiar ; but w^'e ought to be 
able to find some examples of those which have got more or less 
half-way between sea and land. Animals of this type— that is, 
which live part of their time in water and part of their time on 
dry land — are very familiar. The frog is an example. During its 
tadpole stages it lives in ’water and breathes by means of gills, 
like a fish. Then it gradually changes or metamorphoses into the 
frog stage, after which it lives chiefly on the land and breathes 
like us, with lungs. Such an animal is called an amphibian. In 
the plant kingdom, too, there are amphibians. The Bryophyta 
and Pteridophyta at one time in their life-history must have 
liquid water available and at another, dry conditions, especially 
during the process of reproduction. They may therefore be said 
to be amphibious. 

Types of Flowering Plants 

The average flowering plant is composed of roots, stems, 
leaves and flowers ; but it is very clear that these structures vary 
considerably in dimensions, shape, colour and so forth. These 
different shapes are often so obvious and familiar that a cursory 
glance is sufficient to identify the plant. Nevertheless, in spite 
of these differences, many plants possess certain features in 
common and for that reason they can be divided into groups, 
according to their vegetative structure. 

Some plants grow to a great size. The stem becomes thick and 
woody and is called a trunk or hole. These plants are called 
trees. Pamiliar examples are the elm, horse-chestnut (Fig. 15), 
hornbeam, beech and poplar. 

A much greater number of plants vary considerably in height 
from a few inches to several feet— for example, violets, primroses, 
grasses, foxgloves and the sunflower. Although they all contain a 
certain amount of wood, this varies considerably, though it never 
amounts to as much as is present in a tree. For example, the 
dandelion stalk contains very little wood and is therefore much 
softer and juicier than the sunflower stem, which contains a much 
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greater amoimt of wood. All these plants are called herbs 
(Fig. 16). 

Interinediate between the trees and the herbs are the shrubs. 
They are bushy plants with raany branches and are all very 



l^iG. 15. Hobse-Chestnut {Aesculus hippocastanum) 
IN ' WiNTEB..- . . 

{Photo, Henry Irving.) 


woody. Unlike the trees, they do not possess a trunk— that is, 
the main stem is not so pronounced. Examples of shrubs are 
the privet, bramble, box and gorso (Mg. 17 ). 
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Length of Life 



As a general rule, herbs carry out the whole of their life- 
history in one season. That is, they are born, develop, and 
reproduce themselves, all within the space of a year. Such 

plants are therefore called 
annuals. Wheat, barley, and 
the tulip are examples of 
annuals. 


Fig. iO. Wood Anemone 
mone nvmorosa), A typical 
{Photo, Henry Irving,} 


Dwarf Gorse { Ulex), 
TYPICAL Shrub. 
{Photo. Henry Irving.) 


Some plants can complete their life-history so quickly that 
the offspring which they produce can also complete their life- 
history in the same season. Thus we have two generations 
in one season. We might even get three or four generations. 

• Such plants are called ephemerals, because their life is so 
ephemeral or short-lived. The groundsel is an ephemeral, and its 
quick growth makes it an objectionable weed in the garden. It 
should always be rooted out of the garden before it bears its 
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flowers, thus preventing at least one other generation of seeds 
from developing. 

Some plants take two years to complete their life-history — for 
example, the foxglove and the beet. They develop vegetatively 
in the first year and produce seeds in the second, and are there- 
fore called biennials. 

Many plants go on living year after year, sometimes producing 
seeds every season and sometimes only once in several seasons. 
The majority of our trees and shrubs are of this nature and are 
called perennials. In some cases, such plants have been known 
to live for many years. Even in Great Britain there are some 
trees that are claimed to be thousands of years old. The biggest, 
and possibly the oldest, tree in the world is the cypress called the 
Big Tree of Tule, still growing in Mexico (Eig. 18). Its trunk is 
50 feet in diameter where it begins branching. It is estimated as 
being 6000 to 7000 years old. Thus, it was a big tree when the 
ancient pyramids of Egypt w^ere being built. The oldest tree in 
Scotland is a yew tree called the Fortingall Yew in Glen Lyon, 
Perthshire. It has an estimated age of more than 2500 years. It 
was therefore quite a large tree when Christ was born, and when 
the Romans invaded Britain. The Fortingall Yew in Perthshire 
and the Brabourne Yew in Kent are considered to be the veterans 
of European vegetation. 

Nearly all arctic and alpine plants are perennials, because one 
season is far too short for them to complete a life-history. 

Evergreen and Deciduous Plants 

Perennials seldom maintain the same appearance throughout 
the year. The majority of British trees, for example, shed their 
leaves in the autumn and develop new ones in the spxing. For 
this reason they are said % be deciduous. Those trees and 
shrubs which do not shed leaves for the winter months are 
said to be evergreen. Holly" laurel and many tropical plants are 
of this nature. But it must be realised that although an ever- 
green bears leaves all the year round, it does shed its leaves. It 
does so continuously, but never all at one time. 

Leaf -fall is clearly related to seasonal climate. The leaves of 
deciduous trees are shed just before winter sets in and that is 



whj plants growing in the low’-lying, humid tropics, where there 
is little seasonal variation in climate, are nearly all evergreen. 





THE PLANT KINGDOM 


27 


the}’’ have more leaves in the warm season than in the cold. 
Privet is an example of this*. During the summer this plant is so 
thick with leaves that it is difiacult to see through a hedge 
formed of it ; whereas, although the same hedge has some leaves 
in the winter, the number of leaves has become so much reduced 
that it is possible to see through it. 


PRACTICAL WORK 

Chllect, draw and describe t;v’pical examples of the plant 
kingdom. In the case of large plants, such as shrubs and trees, it is 
iisefoi to take photographs, provided a written description is given 
at the same time. 

Tliere are many common types of each plant group ; suggestions 
with regard to examples can be found in the text. 



CHAPTER III 


THE FLO WERING PLANT 

A TYPICAL flowering plant, such as a buttercup, wallflower or 
elm tree, is clearly composed of various parts or organs. An 
organ is a part of a plant or an animal which is distinguished 
clearly by its shape and has certain definite functions to perform. 

The organs of the flowering plant may be divided into t^vo 
groups, namely that which normally grow’S below the soil, called 
the root, and that which grows above the soil, called the shoot 
(Fig. 19). Flowering plants, while conforming to general rules of 
structure, diverge from such rules in many ways. Such dif- 
ferences are called modifications (see Chap. IV). 

The Root 

The root performs several functions, the two chief of wdiicli 
are to anchor the plant firmly in the soil and to absorb water and 
substances dissolved in it from the soil, for the use of the plant. 
Many plants store food, and the stores are kept in various j)arts 
of the plant. The root is the store-house in some cases, such as 
the carrot and beet. 

If a wallflower plant be dug up from the soil and thoroughly 
washed, it will be seen that the root system is composed of a 
main root or tap root, which grows vertically downwards. This 
gives of! branch or lateral roots, which grow out obliquely from 
the tap root, and these branch roots are further branched. Near 
the tips of all the roots may be seen a tuft of very fine white 
hairs called root hairs. The main or tap root is the first which 
gi‘Ows out from the seed. The branches appear later (Figs. 20 
and 21) . ' 

Differing from the tap root system is that system of roots, 
equally as common, wdiere the first root, instead of persisting 
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and remaining the main root, withers away and a series of roots, 
more or less equal in size, takes its place. This can he seen in the 
case of grasses and is called a fibrous root system (Fig. 22). 

The majority of the roots of the fibrous root system are giyen 



Fig. 20. A Yofxg Sycamore Peakt, 
SHOWING A Tap Root System. 

are frequently home on the stem, 
(Fig. 23). 


off from the stem, and are 
therefore not produced by 
the first root. A root which 
grows from any part of a 
plant other than the first, 
original root is said to be 
adventitious, and therefore 
most fibrous root systems 
are adventitious. Such ad- 
ventitious roots will be seen 
to be given ofi from the stem 
chiefly (Fig. 22), and some- 
times from leaves. Cut ends 
of stems of the geranium, 
carnation, Verheyia, Fuchsia 
and willow, when placed in 
w^ater or the soil, often give 
off such adventitious roots. 
Willow branches are often 
used for fencing on farms, 
and it is quite common to see 
such props giving off shoots, 
because they have ‘ taken 
root.’,' by, means of /adventi- 
tious roots, in the soil. In 
the water-.cress {Nasturtium: 
officinale ) , adventitious roots 
especially near the leaf axils 


The Shoot 

The shoot is composed of stems which bear leaves and flowers. 
In the case of the buttercup or wallflower, the shoot is composed 
of a central axis or main stem which terminates in a bud. 
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Wiicrrever this terminal bud is a leaf bud only, it is capable of 
opening out and continuing the growth in length of the main 



stem. If, however, the terminal bud contains a flower, once 
it has opened and flowered growth in length m that direction 
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Buds 


On the side of the stem the leaves are borne (Fig. 19). 
part of the stem to which a leaf is attached is called a node, 


That 

The 



Fia. 22. FiBROtTs Boot System, composed of 
adventitious Boots, in, a /Grass. 


leaf is usually given off at the node at an oblique angle , seldom 
at right angles. The angle which the leaf makes with the stem 
is called the axil, and borne in the axil almost invariably is a bud, 
which is called the axiUary bud as distinct from the terminal bud. 

These buds often grow out and produce branch stems (big. *^4). 
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as 


That part of the stem between one node and an adjacent node 
is called the internode. Appendages such as leaves are never 



Fig. 23 . Part of a Shoot of Water-Crrss, show- 
ing ADVENTITIOUS RoOTS BORNE ON THE StEM. On 
THE RIGHT, A LeaF AXIL ENLARGED. 


given oS on an intemode. In some plants, such as the poppy and 
buttercup, the internodes are often covered with fine silky 
hairs (Fig. 19). ' 


B 


B.E.B. 
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Ends are young, undeveloped shoots. If they are leaf buds 
only, they finally grow out to produce branch stems bearing 
leas es. If they are flower buds, on the other hand, they finally 
produce the flower, and then their growth is stopped. The pro- 



CAMPION 


duction of a flower always stops growth in that direction. Axillary 
buds sometimes produce branch stems, but not all such buds 
develop. Take, for example, the average tree. Considering the 
number of leaves, if all their axillary buds developed to produce 
branches, the tree would soon become a tangled mass. Such buds 
which remain asleep are said to be dormant. In exceptional 
circumstances, however, dormant buds will awaken and actively 
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develop braiiche?^. This is so in the case of the severing of a 
terminal hiid. Tf the terminal bxid is cut off or injured so that it 
cannot develop itself, then some of the dormant axillary buds 
develop. However, this is not common. If the main trunk of a 
tree, such as the oak or elm, be cut down or broken down, a 
dense outgrowth of branches develops from the base of the 
slioot. These branches are produced from dormant and adventi- 
tio\is buds. This is called tillering (Fig. 25). In some gardening 



f)roceBses, such as nipping off the tips of runner beans, etc., the 
axillary buds are made to develop more quickly. 

Pollarding and Coppicing 

Closely related to this effect are the processes knowm as 
pollarding and coppicing ; but these cases are not concerned with 
dormant buds. Dormant buds are there all the time, wdiether 
they develop or not. On the other hand, there are adventitious 
buds which develop in unusual places like adventitious roots. 
They are not axillary and when they do occur, which is not often, 
it is usually on trees. The process of pollarding is not common in 
Great Britain. It consists in lopping off the top of a tree and 
leaving just the trunk or bole. This is sometimes done with 
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willow trees growing along the banks of rivers (Fig. 26 ). When 
the top is lopped off, adventitious buds arise, w'here there were 
no buds before, usually near the edge on the cut end of the trunk. 
They develop into branch shoots, and give the tree a very weird 
appearance. 

This fact is made use of in the case of the osier willow. When 
this willow is pollarded, it gives off, near the top, dozens of long. 



Fig. 26 . An Old Pollakd Willow. 
{Photo, Flatters and Gamett, Ltd.] 


slender and. tough branches from adventitious buds which arise 
in that position as the result of the pollarding. Osier willows are 
grown in low-lying, water-logged soils, and the young branches 
or osiers are used in basket-making and other wicker w^ork. This 
industry flourishes on the Continent, and to some extent in 
Great Britain in the Fen district and the Thames valley. Ash 
trees are pollarded to a considerable extent in Algeria, and the 
resulting very young branches are used as forage for camels and 
horses. 
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Coppicing is %"eTy similar to pollai'ding except that^ instead of 
lopping tbe tree at the top of the bole, it is lopped off at the base, 
near tlie ground. This is done to a considerable extent in Great 
Britain with hazel and alder. It produces very bushy trees, and 
when growing closely together they form a very thick copse, 
which is used as a covert for game birds and other animals for 
hunting purposes. 

Growth in Thickness 

jMany plants, especially perennials, oould not continue growing 
in length without some attempt at growing in thickness, else 
the plant would become so long and slender as to be unable to 
remain upright. Therefore, such plants, as they grow in length, 
also grow in thickness in such necessary parts as the stems and 
roots, only, of course, not at such a quick rate (see Chap. IX). 

Nearly all stems and roots contain a certain amount of wood, 
and when these stems begin to thicken they do so chiefly by the 
formation of more wood in those organs. This grow^th in thick- 
ness is called secondary thickening. Trunks of trees, which are 
nothing but thickened stems, are thus composed chiefly of wood 
produced by the process of secondary thickening (Fig. 27). 

The Trunk 

If the trunk or a thick branch of a tree be. cut across, the cut 
surface will reveal to what extent the deposition of wood has 
taken place in the stem. The wood forms the chief part of the 
thickened stem and it may be seen to be composed of two 
BCHitions, tliat in the centre, which is of a dark colour, called 
the heart wood, and a lighter portion of wood surrounding 
it, called the sap wood. The heart wood is darker because 
it is dry and contains no sap. Therefore, the supply of sap, 
which is composed of water and dissolved mineral substances 
from the soil passes up to the rest of the tree, through the sap 
wood only (Fig. 28). 

Every year, during the growing season, which is from spring to 
autumn in temperate countries like Great Britain, the tree 
develops a thin layer of wood, which is added on to the outside of 
the already existing woody cylinder. No new wood is formed 
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during tbe winter. As will be seen in Chap. V, the wood is com- 
posed of a series of tubes, and when the stem is cut across these 
tul)es look like many smah circles. If the cut end of the trunk be 
examined with a pocket lens, the circular ends of the tubes will 


Fig. 27. Trunk of the Oak, showing a very 
MUCH THICKENED StEM. 

{Photo. Henry Irving.) 

clearly be seen. The tubes which are produced at the beginning of 
the growing season — that is, during the spring — are much larger 
than those produced towards the end of the season — that is, the 
autumn. Then growth ceases during the winter. The following 
spring sees more large tubes produced, and therefore between 
each season’s growth there is a definite distinction, giving the 
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complete eiR section of the trunk an appearance of concentric 
riiigs (Fig. 29). 

Each ring represents one year's formation of wood and 
the rings are therefore called annual rings. Furthermore, 
some annual rings are wider than others, thus showing that 
during that year the tree experienced very good growing 
conditions. 

Annual rings are very useful in forestry (see Ghap. IX) and 
even in meteorology (the study of climate and weather). By 



Pro. 28 . Tran"svkrse Section or a Young Tree 
Trunk, showing the Heart anb Sap Wood. 


eoiinting the number of annual rings, which is a comparatively 
easy matter, it is possible to tell the age of the tree. That, for 
example, in Fig. 29 is eleven years old. One cross section of the 
trunk of a Californian redwood tree, which can be seen in the 
British Museum (Natural History), South Kensington, shows 
1335 annual rings. Therefore, this trunk mmst have been 
obtained from a redwood tree 1335 years old. Also, by ex- 
amining the comparative growth of the rings, it is possible to 
deduce the kind of weather of several years back. 

This idea has been carried still further by an American scien- 
tific worker, Dr. A. E. Douglas, who took some fossilised trunks 
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of trees that must have existed on the earth millions of years ago 
andj by a special method, examined the annual rings in detail. 
From his results he was able to deduce many interesting facts 
concerning the climate and geology of the district whence the 
fossil trunks came, of many years ago. Br. Bouglas has also 
made some important discoveries concerning the climates of 



Fig. 29. Transvebse Section of a Larch Stem, 

SHOWING Annual Rings. 

more recent times by studying the size and shape of the annual 
rings of trees. For example, by this method he has shown that 
in the United States there was a great drought which commenced 
in 1276 and lasted for twenty-three years. 

Timber 

Timber or wood is used commercially for all kinds of purposes, 
many of which are familiar to us. It is used as a fuel and for all 
kinds of constructional purposes, the use to which it is put de- 
pending on its hardness and durability ; for these properties 
vary considerably in different woods. Wood is also used for the 
extraction of various chemicals, including wood alcohol and spirit. 

The ash produces a tough wood, but since it is very elastic and 
' gives ’ it is not used for building purposes. On account of its 
elastic nature it is used in the making of cricket bats, for it 
* gives ’ and thus reduces the tingling sensation one feels if one 
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Buceeefis in hitting a very fast ball, For a similar reason, ash is 
used in the making of aeroplane propellers, so that it may with- 
stand wind resistance. 

Beech is a pecailiar wood in that it cannot stand serious changes 
in humidity — that is, alternations of wet and dry conditions. It 
is therefore used as an indoor w’ood. Nevertheless, it can stand 
continued humidity and is therefore used in piles of piers and 
jetties. It takes a poor polish and is therefore not popular for 
hoxisehold furniture. 

Cedar wx>od is used extensively as a veiieer in furniture-making, 
since it takes a good polish and is beautifully marked. Insects 
seldom attack it and therefore antique chests, which were some- 
times made from it, are valuable to-day. 

Ebony is a familiar wood in certain ornaments. It is almost 
black in colour. Only the heart wood is used commercially. 
The tree is cultivated for the purpose, chiefly in India. 

Elm is very liable to w^arp and is therefore not much used. 
The elm tree, how’'ever, is often grown for ornamental purposes in 
avenues, etc., and in Italy the grape vines are trained up elm 
trees. The wych elm, which grows in Scotland and the North of 
England, has a tougher WT)od w’hich, when properly seasoned, is 
very piial>le. It is therefore used in building boats. 

Maple takes a good polish and is extremely hard. It is there- 
fore used very extensively in the building trade for floor-making, 
especially block and parquet floors. 

Oak, being hard and nicely marked, is popular for furniture- 
making and panelling. 

Pine and deal are characteristic soft woods. They are easy to 
work in the carpenter's shop and are used to a certain extent in 
making the cheaper forms of doors and panelling. 

Teak, a tropical wood, though easily worked, is exceedingly 
hard and strong. It is used to a great extent where it will be 
expovsed to the vagaries of water, acids, bums, etc. ; hence its 
almost universal use for laboratory benches. It is a very heavy 
wood, its specific gravity being greater than that of water. 

Walnut has exceedingly beautiful markings and takes a high 
polish. Hence its use in furniture-making. Mahogany, too, is 
used for a similar reason. 
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Fuels 

Fuels produced from wood are very common. Besides being a 
fuel in itself, wood is the source of other fuels. Charcoal is pro- 
duced by the dry distillation of wood, and its production by 
means of charcoal fires was at one time common in the British 
Isles, and still is in Austria and France. 

Peat is the result of the activity of certain bacteria on plants, 
especially the woody parts. The activity of these bacteria is 
greatest in acid soils ; hence the extensive peat bogs of Ireland 
and the vSomersetshire plain. Peat is used largely by the 
peasants for their fires. 

Coal originated primar% from wood. It is produced by long- 
continuous high pressure with great heat. The coal seams which 
may be seen in collieries were once great prehistoric forests of 
treeSj belonging chiefly to the pteridophytes (see also Ghap. XIII): 

Bark 

Surrounding the woody cylinder in the thickened plant stem 
are two other important layers, both of which, though not so 
extensive as the wood, are visible to the naked eye. There are 
others, how^ever, which are not easily seen ; for example, 
immediately surrounding the wood is a %• ery thin layer called the 
phloem, down which the foods, manufactured by the green 
leaves, pass to the rest of the j)iant (see Chap. XII). Outside 
this, however, is a light browm layer of cork, which, in most trees, 
is rather thin. Outside this layer again, we have the outermost 
layer of the stem, the bark. This layer varies considerably in 
tliickness and texture. Many trees therefore can be identified by 
their bark. The bark of the elm, for example, is thick and broken 
up, giving a wart-like appearance, whereas that of the beech is 
thinner and smoother. The bark of the plane tree is so thin that 
it naturally peals off in patches, leaving the yellowish tissues be- 
neath exposed. 

Cork 

The cork, of certain trees is of great commercial importance, 
owing to its impermeability to water. The cork oak {Quercus 
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Suber) is the chief source of cork, since the cork la,yer is very 
thick. This tree grows in parks in Great Britain, but it is culti- 
vated for the purpose, especially on the Mediterranean coasts. 
The cork is stripped off in July and August by making transverse 
incisions in the trunk near the base and at intervals up the trunk 
towards the branches. Then longitudinal incisions are made and 
the sections removed. 

Rough cork is used in the making of arbors and bowers in 
gardens. Fine cork is used for making bottle corks, cork lino 
and matting. Cork has been an article of commerce for centuries . 
It was one of the materials used in making the expensive coffins 
of the Eg\ 7 .>tian kings and queens and was also used by the 
ancient Greeks as floats for fishing nets, bottle stoppers, and 
woTnen\s footwear. In Great Britain, even so far back as the 
Middle Ages, it was used as a lining for slippers. To-day it is 
used for several constructional purposes owing to its being a bad 
conductor of heat and sound. 

The Twig in Winter 

The examination of a twig during the winter reveals other 
interesting characteristics of the jjlant. For example, the scars 
of the leaves vliich have been shed may clearly be seen. They 
are either crescent- or horseshoe-sha]^}ed, and on them even the 
small scars of the veins w^hich pass up into the leaf may be seen 
(Fig. 30). 

A twig in winter affords a sjfiendid opportunity of examining 
buds, as, for example, those of the horse-chestnut. The bud is 
often covered with a glutinous material as a protection against 
e.^eessive moisture, which w^ould get into the heart of the bud 
and make it rot. The outmost bud scales are boat-shaped and 
are used for protecting the tender foliage leaves inside. If all 
the scales and leaves are dissected from such a bud, it will be 
seen that there is no line of real distinction between the bud 
scales and the young foliage leaves, but that the one gradually 
merges into the other (Fig. 30). 

Bud scales, like foliage leaves, leave their scars after they have 
fallen. These small scale scars, left after the terminal bud has 
grown out, form a ring around the stem (Fig. 30). At the end of 
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from the Mendip Hills in Somerset and another of the same 
length from the Botanical Gardens of Glasgow were examined. 
The number of rings of scale scars on the Mendip twig was two ; 
therefore that twig had grown that length in two years. On the 
twig of the same length from Glasgow there were nineteen rings. 
Therefore, on the Mendip Hills the tree can grow about nine 
times as quickly as it can in Glasgow. This is due no doubt to 
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the fact that the atmosphere in Glasgow is more sooty and the 
temperature not so suitable for growth. 

Other marks on the young twig are small dots all over the 
surface, scarcely bigger than a pin’s point. They are usually 
lighter in colour and are composed of microscopic particles of 
cork, very loosely packed so that the whole area is porous. Any- 
thing that is porous will allow gases to percolate through, and 
that is wiiy these small areas are porous. 

As v1ll be seen in Chap. XIII, nearly ail plants take in (inhale) 
oxygen and give ofi (exhale) 
carbon dioxide, and so do 
nearly all animals. In the case 
of land-living plants and ani- 
mals, this interchange is a 
gaseous one. 

Now such gases cannot pass 
through solid cork quickly 
enough, and we have seen 
that such a layer does exist 
in a thickened stem ; hence 
the s|>ongy areas in the form 
of dots on tlie twig’s surface. 

They are called lenticels, and 
form a passage for gaseous 
interchange (Figs. 30 and 31). 

As we shall see, however, in 
Chap. X, lenticels are not the most important organs present in 
the plant for gaseous interchange. 

The Leaf 

Leaves vary considerably in size and shape in different plants. 
There is the comparatively small leaf of the privet, and in contra- 
distinction to this there is the banana leaf (Fig. 59), which is 
roughly the same shape but hundreds of times larger, being 
anything from one to three yards long. 

The different shapes of leaves is best learned by collecting 
them and drawing them. One should be able to recog- 
nise a simple privet leaf or tulip leaf with its smooth margins. 
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■"the elm leaf with its serrated margin, the oak leaf with its 
(leeplv indented margin and the compound rose leaf, etc. 
(Fig. 32). 

The typical leaf is composed of a leaf stalk or petiole which 
widens at its base, where it joins the node, into what is called the 
leaf base. Sometimes the leaf base is merely a thicker structure, 
as in the case of the horse-chestnut, or it may become elongated 
into a sheath as in the buttercup. In grasses, this sheath folds 
over the stem for a con- 
siderable distance. 

The main flattened por- 
tion of the leaf is called the 
leaf blade or lamina. Some- 
times the leaf blade is joined 
on to the leaf base, without 
the intermediate petiole, in 
which case the leaf is said 
to be sessile. 

Very commonly, wing-like 
outgrowths arise at the base 
of the petiole, one on each 
side, and appear like small 
leaflets. These may be seen 
in the rose and, still better, 
in the pea (Fig. 33). These 
outgrowths vary consider- 
ably in shape, size and function and are called stipules. In 
many plants, stipules are absent — for example, in the privet. 
In others, they are used for protecting the bud as in the case 
of the beech. 

It is in the lamina that leaves usually show their great diversity 
of form. On the lamina, thicker lines called veins are visible. 
These are channels for conducting water to, and food from, the 
leaf (see Chap. XII). These veins give ofi finer branch veins, 
then these branch veins give off still finer ones, and so forth. 
The whole arrangement of the veins is called venation. The 
venation already described is net or reticulate. In other 
cases, especially the blade-like leaves of passes, lilies, irises, 



Fig. 33. Leaf of Garden Pea, 

SHOWING THE LARGE STIPULES ON THE 

Leaf Base. 
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etc . , instead' of having' * 
main vein ;witH :hranelies,' 
there ' are , " .■several.':' , veins, 
equal in size, running 
parallel to each other . 
This is known as parallel 
venation (Fig. 34). 

In many leaves, de- 
spite diversity of shape, 
the whole lamina is one 
single structure, as is 
the case in the oak, 
elm, dandelion, tulip, etc. 
Such a leaf is said to be 
simple. In other cases, 
the indentation of the 
margin to varying de- 
grees has gone so far that 
the lamina is cut up into 
several parts or leaflets, 
as seen in the horse- 
chestnut, rose, and ash. 
Such leaves are said to be compound (Fig. 32). 





Fig. 34. Left, a Leaf, 

SHOWING Net Venation ; Right, tipper 
Portion of an Iris Leaf, showing Par- 
allel Venation. 


PRACTICAL WORK 
General Directions 

In the study of plant life, practical work is quit© as important 
as theoretical study from a book ; but it is essential that the prac- 
tical work should be carried out thoroughly. One should try to 
find out things for oneself during such work, and then use the text 
of the book as a means to understanding what has already been 
observed. Practical work should never be treated as a supple- 
ment to theoretical study. 

No practical work should he done without keeping a permanent 
record of it, either hy diagrams, written descriptio7i, or both, kSucIi 
records should be made at the time, either in the laboratoiy or 
field. Diagrams, etc., can be * touched up ’ afterwards, in the 
class-room or study ; but things should never be put aside. Just 
as a policeman makes a written report of an accident, as soon as is 
possible, at the seen© of the accident, so should all practical work 
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be reported by diagrams and written description while the work is 
progressing. 

Written descriptions should always be clear, fnll, and to the 
point. Diagrams, too, should be very clear. Although it is desir- 
able to bring in artistic effect in order to make the diagrams neat 
and attractive, such effect must invariably be subsidiary to clarity, 
and the portrayal of the true facts. For this reason, it is usually 
desirable to use line diagrams. Avoid shading and, so far as is 
possible, use pencil, and not ink. Colours, either by means of 
crayons or wash, should be used very sparingly. ^ Only an artist of 
exceptional talent can hope to bring out the details in the structure 
of a flower, for example, by wash, of a sufficiently high standard to 
satisfy the discerning botanist. Great care should be taken over 
the diagrams. They should always be very large-— much larger 
than those used to illustrate the text of this book. 

A diagram, however faithfully and nicely drawm it may be, is 
utterly useless unless it is fully labelled. One should be able to 
revise one’s work from the diagrams, and this would be impossible 
if they were not labelled. The best method of labelling is the 
one used chiefly in this book. Labelling by means of letters with 
an explanatory legend at the bottom of the diagram, is not desir- 
able, since constant reference to the legend is irritating and 
unnecessary.' 

No diagrams should be copied from the book. Those in the book 
are given as a help in following the text, and also a during 
practical wT)rk. But they must be used 07 ily as a guide. Draw 
exactly what is seen, and then, with the help of tlie book, label 
carefully. 

A written description is also a splendid means of driving home 
important points. Where the study of plant structures are con- 
cerned, the written description is not essential, provided good 
drawings are made ; yet it is well worth while. In experimental 
work, of course, the WTitten description of the experiment, method, 
results and conclusions, are absolutely essential. 

In the following practical work, and, indeed, in all the practical 
work throughout the book, only suggestions are made. Much is 
left to the choice of the reader. For example, one need not 
necessarily choose the plant material suggested. Perhaps other 
material, just as good, and probably better, is easily available; 
then there is no reason why it should not be used. In the experi- 
mental work, the reader might think of a different method of 
performing an experiment. In fact, it is worth while trying to 
think of other methods. Then, provided one is quite sure that the 
different method will be just as good},, there is no reason why it 
should not be applied. 

Finally, the amount of practical work suggested throughout the 
book, forms neither the maximum nor the' minimum. If more 
work can be done, then do it. If time will not allow for all of it 
to be done, then a wise choice must be made. 

For detailed structure, a hand lens should always be used. 
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^ .^I,: Make a thorowgii" examination of the external features ' of a 
herbaceous fi owering plant . G ood specimens f or this purpose are^ 
the common buttercup (Eammcnlm acris}, wallflower {Cheimnthus 
€heM),B,ml the groundsel (Senecio tndgaris). Note its division into 
root and shoot, and carefully observe the structure of the stem, 
leaf, axillary and terminal buds, and flower. Note also the nodes 
and mternodes. Make a fully labelled , drawing of the plant and, if 
time will permit, wTite a description of the plant. 

2. Make enlarged drawings showing all the details of the most 
important parts of the plant, such as the root system, node, leaf, 
.etc.. 

3. Examine and draw a seedling, noting especially the root hairs. 
A small tree seedling, such as that of the sycamore {Acer pseudo- 
platanus ) , wall do . In this case, carefully wmsh all the soil from the 
roots in order to expose the root hairs. 

A more convenient seedling to use is that of the mustard 
{Brassica 7iigra), for this can easily be cultivated by sowing some 
seeds on damp blotting paper or cotton wool and the seedlings, 
which develop in the course of a few" days, can be examined without 
handling them, 

4. Examine, draw", and describe various root systems ; tap root 
(wallflow"er, groundsel), fibrous (a grass), and adventitious (w^ater 
cress). 

It is also interesting to w"atch the development of adventitious 
roots on the twig of the wdllow (Salix alba). The twdgs should be 
gathered late in winter, and placed in a vessel of water. In a few 
w"eeks, the buds will open, w’hen their progress can be watched 
with profit, and adventitious roots w"ill appear on the stem. Keep 
a dated record of the progress of the shoot, and draw" examples of 
the adventitious roots. 

5. Examine and draw a section across a tree trunk. It is usually 
possible to do this in the field, w"here a tree has fallen and the trunk 
severed ; otherwise, the sawm end of a fairly thick branch may be 
used. The end could then be smoothed and polished, making the 
structure more easily seen. Note especially, sap w"Ood, heart wnod, 
annual rings, cork and bark. 

6. Investigate and record the properties (hardness, colour, 
specific gi'avity, general appearance, etc.) of various types of wood. 
One should learn to be able to recognise woods of general economic 
importance. IMake comparati\"e drawings of them. Examples may 
foe chosen from those mentioned in the text, 

7. IMake a careful study of a twig in winter. Several examples 
should foe chosen, such as oak (Quercus Rohur)^ ash {Fraxinus 
excelsior), horse-chestnut (Aesculus kippocastanum), etc. Note 
especially the bark, lenticels, leaf scars, scale scars and buds. 
Make careful drawings to show these various structures, and also 
compare and contrast the various types. 
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Examine the fond scales foy dissecting the fond. Note the transi- 
tion from fond scale to foliage leaf, and arrange and draw the 
examples in series. 

Keep some winter twigs in water and note and record steps in 
the development as they open. 

8, Examine, draw and describe, different type& of foliage leaves. 
Some examples may foe taken from those illustrated in Fig. 32, 
but there are many other types. Note also the stipules of certain 
lea\'es such as the rose, pea, etc. Parallel and net venation can 
easil;^" be seen in many common types of leaf. 

Field Work 

The joys of the countryside can be very much increased by 
taking an intelligent interest in the flora. It is not absolutely 
essential to attend field classes or natural history rambles, in order 
to do this. A sketch-book or a camera, or both, and a fine day, 
can give many hours of profitable pleasure. Not only that, but 
there is often a more immediate utilitarian value attached to such 
a hobby. Schools, societies, country flower-shows, etc., offer 
piizcN for the results of various types of field ivork, and the work 
entailed m such competitions has more far-reaching consequences. 
The t%pe of work undertaken must rest with the tastes of the 
induidual, or the conditions of any such competition ,* but 
tnroiignout this book, ideas for such hobbies should easily be 
gleaned. For example, in connexion with Chap. Ill, drawings, or 
photographs of trees in winter and summer, form a good collec- 
tion. On the drawing or photograph should be indicated detailed 
information, such as name of the tree, date, place, and so forth, 
A written description, too, is desirable. 

Photographs of examples of pollarding, coppicing and tillering, 
should also be obtained. 

Making collections of leaves, an old-established hobby, may 
prove, and has proved, a waste of time. On the other hand, it 
can form the basis of a profitable pursuit. The usual method is to 
collect suitable examples, place them between sheets of blotting 
paper and then press in a book for several weeks. Then the 
pressed, dried specimens are mounted with either gum or adhesive 
tape on stout paper, or Bristol board. If the pursuit stops there, 
it is practically valueless. To make it more interesting, and 
certainly very valuable and instructive, details of the name, date, 
locality, type, etc,, should be written on the mount. A short 
description, too, is useful, and a small diagram (also on the mount) 
is worth while. 
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SPECIAL FORMS AND FUNCTIONS OF PLANT ORGANS 

In nearly all cases, plant and animal organs are developed to 
perform certain definite functions, and they are usually so con- 
structed that they may perform their work satisfactorily. For 
example, the function of the eye in the animal is to enable that 
animal to see. The structure of the eye of most animals is similar 
to that of a camera. There is a recording surface called the 
retina, which corresponds to the film or plate in the camera, and 
in front of this there is a lens which makes miniature pictures or 
images on the retina. 

All plant organs have a general function to perform ^ but 
many have special functions and are modified accordingly . The 
best way of examining the various 
special modifications of plant organs 
will be to take each organ, see the 
special modifications and then deduce 
what are its special functions. 

Modifications of the Root 
The plant very often manufactures 
more food than it can utilise immedi* 
ately. The excess food, therefore, has 
to be stored. Such food storage takes 
place chiefly in perennials, in order to 
tide the plant over the winter, and to 
Fig. 35. Root Tubees ensure its being prepared to begin the 
following season’s activity. 

Storage of food takes place in several 
organs, and in some cases it is the root. In order to form such a 
store cupboard, some roots become very thick, thus allowing 



35. Root Tubees 
OF Dahlia. 

{After Figuier.) 
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plenty of space for the stores of food. Such fleshy roots are 
called root tubers. We can tell they are really roots, for, just 
like normal roots, they do not bear leaves, they have the in- 
ternal structure of the root, and at their tips they have a 
] 3 rotective caj> called the root cap, which ail roots, but no other 
organs, possess (see Chap. VIII). 



Fig. 36. Lussee Celandine, 
t.r. Root tuberi^. 


Root tubers are seen in the Dahlia and lesser celandine 
(Figs. 3o and 36), in which the food is stored in the form of 
starch, and in many orchids. In all these cases, the root tubers 
are adventitious roots. Swollen tap roots (which are not called 
tubers) are seen in the carrot and beet, both of which store food 
in the form of sugar, and in the parsnip and turnip, which store 
starch (Fig. 37). 

In some plants, roots, instead of arising beneath the soil, 


54 


EVERYDAY BOTANY 


grow out adventitiously from the stem, and pass some distance 
tlirougli the aiiv before ^^^r^ the soil. These are called aerial 

roots. They are seen in the banyan tree in the tropicSj and they 
assist in supporting the long, spreading branches (Figs. 38 and 
39). Other plants which grow in tropical mangrove swamps 
possess aerial roots, which are the sole support of the plant, for, 
after a time, the original stem rots completely away. 



Fig. 37. SwollExN- Tap Roops; Carkot, Left ; 
Turnip, Right^ 


In some tropical orchids and other tropical plants, the stem 
gives off adventitious, climbing roots, by means of which such 
plants climb up other plants. 

Other tropical orchids grow completely on trees, some distance 
away from the soil. ^Frorn such plants, roots are given off 
which remain suspended in the air, and never touch the ground 
(Fig. 40). The exteriors of these roots are of a spongy texture, 
formed by the outmost layer which has lost its succulence and 
become filled with airspaces. This layer is called the velamen and 
is used as a great surface area on which moisture from the air is 
condensed, thus supplying the plant, with the necessary water. 
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All roots, like other living structures, must have air for 
gaseous interchange. This is usually possible, for there is plenty 
of air in the small spaces between soil particles. However, in 
some cases, for example, mangrove swamps, the soil becomes so 
water-logged, or perhaps even submerged in water, that the 
aeration of the soil is impossible. In such eases, many plants 


Fig. 38. Banyan Trees {Ficus hcngalensia) m the Botanic 
Garden, Buitbnzoro, Java. 

Note the long, thickened, aerial roots. 


have exceptional root modifications. Some of these roots, 
instead of growing downwards, as roots usually do, grow up- 
wards into the air. That part of the root exposed to the air be- 
comes covered with lenticels. The roots are therefore breathing 
or respiratory roots (Fig. 41). 

If you attempt to tear ivy away from a wall or a tree on which 
it is fixed, you will find that this demands considerable force. In 
this case, the stem gives off hundreds of adventitious roots 
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which cling tenaciously to the support. Such roots are called 
climbing roots (Fig. 42). 


Fio. 39 . ScKNE IN A Moist Tbopioal Forest, 

Note the hanging roots of root-climbing plants. These 
roots serve to nourish the plant, after the death of the 
stem. 

In the maizie plant and some others, even some trees and 
bamboos, the plant is very large with only a comparatively thin 
stem to support it. The risk of being blown over is prevented, 
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Many cacti which grow in tropical deserts and are cultivated in 
greenhouses are of this character. The stems are sometimes 
cylindrical, sometimes slightly flattened, though always thick 
and juicy. These stems store water chiefly, as might be expected 
in such cases. Here they are also green, and carry out the func- 
tions of the green leaf. The leaves of such plants, therefore, are 
not wanted for food manufacture, and are modified into small, 
sharp spines, for protection against browsing animals (Figs. 45 
and 46). 


Fic. 41. Breathing (Respiratory) Roots op 
Sonmratia alba m a Mangrove Swamp. 
(After Joh. Schmidt) 


ho-wever, by buttresses similar to the flying buttresses seen on 
some churches and cathedrals. These buttresses, in the case of 
such plants, are formed by adventitious roots, which, owing to 
their buttress or stilt-like appearance, are called buttress or 
stilt roots (Figs. 43 and 44). 


Stems, 
for food. 


IVIodifications of the Stem 
like roots, are sometimes modified to form store-houses 
Such stems swell in order to make room for this food. 
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The normal stem of a plant grows Tertically into the air, 
giving off its branches obliquely upwards. There are, however, 
some exceptions which are modified for definite purposes. Some 
creep along the surface of the ground, and others grow actually 
beneath it. 

One such type, in the potato {Solanum tuberosum), ygtj 
familiar. The edible portion of the potato is familiar to us all, 


Fig. 42. Ivy climbing a Wall. 
Note the adventitious climbmg roots. 
(Photo. Henry Irving.) 


and everybody knows that it generally grows beneath the soil. 
\et it is not a root, for it bears shoots, as may be seen when it 
is stored for several months in a warm, dark place, for it then 
shoots out . These shoots develop from the ^ eyes’ of the 
potato, which are really jmung buds in the axils of insignificant 
scale leaves. The edible portion of the potato is therefore an 
underground stem, and is called a stem tuber. Underground 
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stexiis ^rrow along from the potato plant and towards their 
tips they swell to form the tubers (Fig. 47). The food stored 
in this swollen organ is chiefly starch, with a certain amount 
of protein. 

The potato tuber, however, is not only used for food storage. 
As has alreadj' been seen, seeds are a means of the reproduction 
of the plant. But they are not the only method available to the 

base of shoot 


buttress root.,^ 



Fio. 43. Part of the Boot System of the Maize, 
seowiNo THE Buttress Roots, 

plant. AW methods of reproduction in flowering plants other than 
that by seeds are called vegetative reproduction. 

The potato tuber is a means of vegetative reproduction. The 
ordinary gardener never uses the real potato seeds for the pro- 
duction of new crops ; he uses the tubers, saved from the plants 
of the previous season. They are often called ^ seed potatoes 
but actually they are not seeds, for seeds are invariably 'produced 
by flowers. 

Whereas the seeds usually begin growth by the production of 
roots, the potato tuber, once it has been placed in the soil, begins 
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its growth by the production of new shoots. These are produced 
from the buds present in the * eyes \ Each ^ eye ^ sends off at 
least one shoot and that is why, for the sake of economy, ' seed 
potatoes * are often cut, for so long as there is an ' eye ’ and a 
certain amount of the fleshy part of the tuber present, a 
new plant can develop. The shoot goes on growing, getting 
the food that is neces- 
sary for its growth from 
the tuber, until it emerges 
above the soil. Then it 
unfolds new foliage leaves, 
which, since they are green, 
can manufacture a new sup- 
ply of food. But these 
leaves must have a simply 
of water and mineral salts 
from the soil, and to pre- 
pare for this, those parts 
of the stems of the shoots 
which are below the soil 
give off adventitious roots. 

Thus the new plant becomes 
established in the soil (Fig. 

4S). ^ 

Another stem tuber simi- 
lar to the potato is that 
of the Jerusalem artichoke 
{Hdianfhvs tuber osus), which 
stores starch, and is therefore used as an article of diet. In this 
case, however, many adventitious roots are borne on the tuber 
itself (Fig. 48). 

The crocus {Colchicum) supplies another example of a stem 
modified for food storage. It is, however, totally different from 
a potato tuber, since it is the main stem of the plant ; there are 
no branch stems in the crocus. The swollen, food-storing 
structure in this case is called a corm (Fig. 50). It is clearly a 
stem since it has the internal structure of a stem and it bears 
leaves. Since, however, the corm grows beneath the soil, the 



Fig. 44. Buttkess Roots in 
Bhizophora mucronata in a Man- 
grove Swamp in the Malay Archi- 
pelago. 

XAfier Earsten.) 



completely surround the conn itself* If these membranous scale 


Fig. 45. Cacti in the Exotic Gabdens, Monte Carlo, 
SHOWING Thick, Succulent, Water -storing Stems. 
{The TimeSf cnpuright,) 


leaves are tom off the corm, small axillary buds may be seen 
(Kg. 61 ). 
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Fig. 46. Succulent Stem 
OF A Cactus, showing also 
Leaves MODIFIED to Spines. 
{After FigvAer.) 


In early spring, the terminal bud of the swollen stem, or corm. 
bursts foVtlu and })rodiiees a flower and green foliage leaves, 
"Meanwhile, the base of one of the 
young axillary buds of a scale leaf 
begins to swell and produce the 
conn for the following year. 

During the spring, food manu- 
factured l:>y the foliage leaves is 
]mssed to this .\'oung developing 
conn, where it is stored, and the old 
conn shrivels up and dies. After 
tlic plant's activity has ceased in 
late spring, the new corm remains 
in the soil, and thus the pilant tides 
itself over the winter — as a corm, 
resting in the soil. This resting con- 
dition, during inclement weather^ that is, the winter, is called 
perennation. The food stored is ready as a supply for the next 
season’s outburst of growth. It is 
stored in the form of starch. The 
Gladiolus also possesses a corm; 

There are many examples of stems 
w'hich grow more or less horizontally 
beneath the soil but are not swollen. 
They have the same structure as the 
normal stem, but of course cannot 
contain chlorophyll like many of the 
latter. They are cylindrical and are 
composed of nodes and internodes. 
From the latter, leaves are given oJ^, 
but naturally these cannot be foliar. 
They are usually reduced; to insig- 
nificant, colourless, tissue-lke scale 
leaves. 

These underground stems are called rhizomes. At the nodes 
adventitious roots are given off, so that from the point of 
view of getting supplies of water and other substances from the 
soil, the stem could go on growing indefinitely. The buds in 



Fig. 47. Part of a 
l^jTATO Plant. 

The plant has loeen repro- 
duced vegetati vely from tlie 
old, dark tuber. The new 
tubers show the character- 
istic ‘ eyes (Reduced.) 

{After SehencJc.) 
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the axils of some of the scale leares develop and send np 
branch shoots which finally open out as normal shoots in the air 
sofisurtace and bear foliage leaves and flowers. 

. -These foliage leaves -thus ensure a 
, ^ .■ supply of manufactured food, and 

therefore the rhizome can grow to 
considerable lengths in the soil, being 
' , independent of the original roots and 
shoots for supplies. Sedges possess 
such rhizomes (Fig. 52), so also 
does the couch-grass {Agropyron 
repens). 

■' . With these rhizomes, the plants 

‘ i spread rapidly. Owing to the tre- 

; ■ ' -‘i mendous length of their rhizomes, 

v; ■;/■■■ I difficult to eradicate the 
' ' iyv L' •' complete plants from the soil . Even 

' if the rhizome were completely sev- 
cred, both parts could live, since they 
roots and foliage 
shoots. That is why couch-grass and ' 
' bindweed are such bad garden weeds. 

many grasses with rhizomes 
are used for growing on loose sand 
dunes, since their rhizomes ramify 
) through the sand and bind it to- 

• 1 gcther. The iris {Iris pseudacarus) 

\ , L. : and Solomon’s seal {Polygonatum 

Ftg. 48. Half a Potato multifiorum) also possess rhizomes 
Tuber developing in the which are, however, swollen through- 

®Note the young shoote, outtheir length (not Uke the poteto 
which have developed from only in one part) and store food 
an ‘ eye', pushing their way (Fiff. 53). 
up through the soil. Adven- ^ . 

titious roots are forming at Very Similar torhizomes are under- 

the base of the shoots. ground stems known as suckers* 
They differ, however, in that instead of being the main stem, 
like the rhizome, they are branch stems. An example of this 
is the mint {Mmtha ) ; hence the reason why this plant easily 
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s|)rea<lH. The elm (ITrnus) mid poplar (Populus) aho give off 
saekern, Xnit in this ease the suckers, which are reallj the portions 
which grow above the soil, are given off from branch roots, and 
not branch stems. 

Suckers are also produced by wood sage, white dead-nettle, 
yarrow, rose, liazel, apple, plum, etc. A plum tree, if severely 
pruned, hsometimes produces suckers. This is often seen in 
gardens where plum trees are trained against a wall and con- 



Fjo. 49. Stem Tubeks of the Jeeusabem Abtichoke. 
Note the adventitious roots produced on the tubers. 
iAfter Viimorin.) 


sequently well pruned. Such^suckers may be looked upon as a 
response to checking the development of the aerial shoot. 

Suckers, after rooting, send up shoots into the air. Thus they 
l>ecome established, and eventually are able to develop into 
separate plants by the decay of the original branch connecting 
them with the parent plant. This is, therefore, a means of vege- 
tative reproduction, and is sometimes used in horticultural and 
agricultural practice. The banana is another important example, 
for rarely does this plant bear seeds. On the other hand, unless 
the suckers are definitely required for the purpose of vegetative 
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reproduction; it is often necessary to prune them away, since they 
clearly rob the parent plant of nourishment which it w^ould other- 
wise use for its o'^m development. 

In other eases, instead of the stem growing along beneath the 
soil, it growls along, in a recumbent position, on the surface of the 
soil. In some cases, such a trailing, creeping stem is a main stem. 



Fig. 60. Crocus Cokm. 

A, from the side ; B, from below ; C, longitudinal section. 

A-C, winter resting stage. D, resumption of grow'th *in 
spring, rls^ young roots ; # 1 -^ 4 , scale leaves ; fd. ch,, channels 
for passage of food from corm to bud ; /r, flower bud ; c/, base 
of bud begiiinirig to swell to form next year's corin’ (better seen 
in D) : /, young foliage leaves. 

This is seen in the moneywort (Lysimachia Nummnlaria). The 
stem creeps along the soil, giving off adventitious roots at its 
nodes. Therefore, if the stem be severed, both parts can live 
(Fig. 54). 

Often, however, the creeping stem is a branch. Such stems are 
known as runners, and a well-known example is that of the straw- 
berry {Fragaria vesca). At the nodes of the runner, adventitious 
roots are given off and penetrate the soil. Once they are estab- 
lished, the axillary bud at the node develops to produce a foliage 
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P (8) Inflorescence of 

« terminelbud 



Fig. 51. Diagram to show the Forms op Modifications 
IN A Bulb and a Corm. 

AL normal foliage shoot diss?ected; Bl, bulb dissected; Cl, corm 
dissected. A2, B2, and C2, the same organs assembled. 

shoot. Thus, at the node, a new plant is produced (Fig. 55). 
Once the roots are established in' the soil and the shoot has 
developed, the new plant becomes independent of the parent 
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piant, and it does not matter if the latter dies or tlie runner be- 
comes severed.;' ■ ■ . . 

This is, therefore, another means of vegetative reproduction, 
and is Used artificially by gardeners for producing new straw- 
berry plants. The riimier is usually trained on to the surface of 
the soil in a pot, and once the new plant has become established 



Eig. 52. Rhizome of Sanp Sedge. 

1, terminal bud ; 2, 3, 4, foliage shoots arising from previous 
buds. The rhizome continues growth in length from an axillary 
bud. Note the scale leaves and adventitious roots. 

(After Fiffuier.) 

in the pot, the old ruxmer is cut. Runners are also produced by 
the daisy {Beilis perennis) and sweet violet (Viola odorata). In 
the houseleek (Sempervivum tectorum), the runner is extremely 
short and thick and produces only one new plant at its apex. 
This is called an off-set (Fig. 56). 

Closely related to runners are stolons. These are normally 
growing branches which are not recumbent, but owing to their own 



Fm. 53. vSwoLLEN Rhizome OF Salomon’s Seal. 

Note from left to right : bud for next year’s erect shoot, current 
year's shoot with leaf and flowers, scar of last year’s erect shoot, 
and sear of erect shoot of two years previous. 

(After Figui^.) 

axillary bud at that node grows out to produce a shoot. Thus 
is a new plant established by another method of vegetative 
reproduction. Once established it can safely be severed from 


Fig. 54. Creeping Stem of the Moneyw'Ort. 


the parent plant by cutting the stolon. Stolons are present 
in the blackberry {Ruhus fruticosm), currants {Eibes) and 
the gooseberry {Ribes Grossularia) (Fig. 57), and the gardener 
helps this vegetative method of producing new plants by 
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t i \ i n o 1 1 H' St I )lHn i o tlie ' soil b v ' iiieans of ' a small staple. The 
IS 01) llecl layering (Fig.. 58). 

Hants wliioli are quite harmless, or indeed useful, in some 



(After Thompson.) 


oiaintries. are absolute weeds in another. For example the 
.biaekberiy (*an scarcely be looked upon as a pest in Great 
Britain, yet in Xew Zealand it is a real weed. There, it grows 



Fig. 56. Off-set of Houseleek. 


and vcgetatively reproduces itself prodigiously by stolons, and 
thus ■ creeps ’ over arable and other cultivated land. One 
plant, by virtue of its stolons, has actually reached a length of 

250 milen. 



In the banana (Musa mpientum), the apparent erect stem is 
really nothing hut closely overlapping ba^es of the enormons 
foliage leaves. The tnie stem is underground, but erect (Fig. 59) . 



Fio. 57. Stolon of Gooseberry, givino off 

ADVENTITIOUS RoOTS. 

Sometimes, stem branches are arrested in their growth in 
length . In place of the usual terminal bud at the end of the 
l)ranch, the stem forms a sharp point called a thorn. This is very 
evident in the case of the hawthorn or may (Cratcegus Oxyacantha)^ 
and it is eas\' to prove that the thorn is really a branch since it 
arises from a bud in the axil of 
a leaf, and sometimes the thorn 
itself is divided into one or 
two ncxles and internodes to- 
wards its base, bearing foliage 
leaves at the nodes (Fig. 60). 

The sloe (Prnmis splnosa) is an- 
other example. 

Hooks differ from thorns in 
that, instead of being modified 
complete stems like the latter, (After Figuier,) 

they are formed by the modification oi part of the stem 
only, that is, the outer tissues. These hooks are used for 
climbing as in the case of the rose, especially the rambler rose 
and wild rose, blackberry (Fig. 61) and raspberry. Hooks may 
be found on any part of the stem, on the node, internodes and 
even on the petioles. 
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Sf<‘ins Bjay become fiattened, m we have already seen in cacti. 
Sometimes they become so flattened and green that they are like 
loaves, and actually carry on the fimction of leaves, which is 
ehi(^liy food maunfaetiire. The butcher’s broom acu- 

is a case in point. There are several means of proving 
that these leaf-like structures are really stems. For example, 
rarely do real leaves produce buds and flowers on themselves. 


X'iu. ijn*. XttEKS IN UEYLOiSr. ' ' ' ' 

Not© the very large leaves. 

Yet on this structure, small buds will be. seen half-way up the 
mid-rib, in the axil of a small scale leaf. Later these buds open 
out to form flowers. Also these flattened stems arise, as they 
should do, since they are branch stems, in the axil of the leaves 
which here are reduced to smaU scales. Thus these structures’ 
m spite of their leaf-like appearance and function, have thb 
characteristics of stems. They are called eladodes (Fig. 62 ). 

In faypurable climates where luxuriant vegetation is found, 
such as those parts of the tropics where rain is plentiful, there 
18 clearly a great struggle among the crowded plants to get plenty 
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f.)f and air. Trees are very favoured 
in tins war of Nature, and millions of 
smaller plants are choked cut during 
tlie course of a year. But some plants 
succecfl, although they are not trees. 

They develop very long, thin trailing 
stems by means of which they scramble 
or climb u|:> the larger plants, especially 
the trees. The wa\"s in which they do 
this are manifold. For example, some 
twine round the stems of the support like 
a runner bean does (see Chap. XXTI). 

(Jtliers climb by adventitious roots like 
the ivy, and others by hooks like the 
rose. 

Some plants climb by means of ten- 
drils. Tliere are several kinds of tendrils, 
but some of these are modified stems, Fig. 60. Twig op 
and are called stem tendrils. In plants 
like the wdiite bryony {Bryonia dioica), 

the twining tendrils are modified branch, axillary stems (Fig. 

63). Other stem tendrils, instead^ 
twining, develop fiat adhesive discs 
at their tips, by means of which they 
stick to their supports, as in the case of 
the Virginian creeper {Parthenocissus 
tricuspidata) (Fig. 64). In the grape 
vine {iritis vinifera) the tendrils are 
modified inflorescences (Fig. 65). 

Modifications of the Leaf 
Just like stems and roots, leaves 
sometimes become modified, and in 
so doing usually lose their normal 
function, which is chiefly that of food 

^ ^ manufacture, and carry out the f unc- 

fiG. 61. Twig of the x- £ i • i xi i t 
Blackberry, showing become 

Hooks. modified. 

c2 







One fainiiiar example is found in the bulbs of certain lilies, the 
iSciila nufmw), onion (Allimyt cepa), tulip {T'uU2)a) 
a IK I lily ( Fiy. CS), The function of the bulb is similar to that of 
t he t u her ami cf n-m . In the case of the bulb, however, the bulk of 
tfie ik‘sh\- part is not a swollen stem, but swollen, fleshy, cotour- 
icss leaves. The best wa}^ 
to examine a bulb is to cut 
it vertically in half. We 
then see that it is really a k>v^ 

siioot, which is composed 


uvTumm s HRium. Black Bryony, show- 

cL t'Uidode ; /, leaf ; ING Stem Tendrils produced in 

6/, tiovver. THE Axils or the Leaves. 

{AJU't strmbnnjer,) (After Sfmsbnruer,) 

of stem, leaves and terminal bud (Fig. 51 ). The stem has become 
mofiified into a flat, bun-like structure whicli gives off adventi- 
tious roots round its edges. From the centre of the upper sur- 
face the terminal bud is given off, and finally grows out to pro- 
duce the foliage leaves and the flowens. The lateral loaves are 




. Fig. 64. Virginian 
Ckeepiri, sfiGwixG Stkm 
Tendrils \\'ith Adhesive 
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most ones, wldvh are thin, iirownish in colour and membranous, 
for proteetioii. In the axils of some of the thick, modified 
leaves, axillary buds may be found, 
and these may grow out to form other 
foliage leaves. Sometimes they may 
be seen already partially developed 
and green in a cut bulb (Fig. 66). 

Bulbs are another means of vege- 
tative reproduction and perennationv 
The food reserve in the tulip is starch, 
and in the onion it is sugar. 

It has already been seen that stems 
sometimes become modified to pro- 
duce tendrils. Leaves may also become 
modified to produce leaf tendrils. In 
the common pea, the terminal leaflets 
only become so modified (Fig. 33). 
The lower leaflets remain unmodified 
to carry on the normal work, and the stipules become very 
enlarged to help in this work. In the yellow vetchling 
(Lathjrm Aijham), the whole leaf is modified into a tendril, 
exee])t the stipules which are en- 
larged and carry on the food 
manufaeture (Fig. 67). 

Leaves are sometimes reduced to 
sharp spines in order to form a 
means of protection against ani- 
mals. Only a part of the leaf may 
be so modified, as seen on the 
edges of the holly (Ilex aquifolium) 
and barberry (Bcrberis) leaves. It 
is almost certain that this modi- 
fication serves for protection, for 
in most holly trees the modifica- 
tions are very evident on the lower leaves which are within 
easy reach of animals, whereas the leaves higher up bear scarcely 
any spines (Fig. 68). 

In some plants the w^hole leaf becomes modified into a spine 



Fig. 65. A Twig of the 
Vine, SHOWING how the Ten- 
drils ARE Modified Inflo- 
rescences. 

{After Gilg.) 
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iu in thv. case of the gorse {Vlex eurojxm) and eaoti (p. 58). 
ill tli{^ gorsc^ other spines are produced also bj branch stems, so 
that argtiing logically we should find long spines arising from 
tlu^ axils of other spines ; and this is exactly what we do find. 

In the barberry it is possible to see all stages of modifications 
on the same plant, from a completely modified leaf to a leaf with 


Fio. 66. Bulb op a Lily. 

On the right is a longitudinal section showing the fleshy 
leaves ; and a new bulb, in an axillary position, to the left of the 
base of the flowering shoot. 

(Photo. R. A, Malby.) 


a few spines on its edges. In the false acacia (Robinia) the spines 
a!*e produced by modification of the stipules so that there are 
two spines given off at the base of the petiole (Fig. 69). 

The Australian acacias and certain myrtles show an extra- 
ordinary kind of leaf modification. The lamina, which is nor- 
mally compound, often completely disappears, and the petiole 
becomes flattened in order to carry out the normal work of the 
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leaf. The reason for this is not far 
to seek. It is harmful to expose 
leaves to excessive light and heat. 
Such plants run a grave risk of over- 
ex|)osiire in the open tropical regions 
where they grow. But this modifica- 
tion acts as a counterbalance, for, 
whereas the normal lamina is orien- 
tated horizontally thus, facing the 
sun, these fiattened petioles lie in a 
vertical plane, thus exposing their 
edges directly to the sun. Direct 
contact with the sun's rays is thus 
prevented. Such fiattened petioles 
are called phyllodes (Fig. 70). Some- 
times the complete lamina does not 
disappear, and at the end of the 
petiole some true leaflets may be 
scwi (Fig. 71). 



Fig. 67. Leaf Tendril of 
THE Yellow Vetchling. 

The whole leaf is modi- 
fied, except the stipules 
which become enlarged. 
5, tendril ; n, stipules ; s, 
stem. 




Fig. 68. Leaves of Hollv. 

On the left, a leaf from a low brahch, showing spines; on 
the right, a leaf from a high branch, with no spines. 
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Fc«;. HO. CojirorND Leaf 
f»F iiobrnia, SHOWlXfi the two 
Stiptfes modified to form 

SPlXEfS. 


SoHH‘ l(‘aves hocome modified to protect the 3"oung undeveloped 
foliage k‘aves aiui flowerB in a bud. The}^ are called scale leaves 

and have alread}’ been examined, 
in the bud. 

Until recently, flov^ers were looked 
upon as being modified shoots. As 
such, the}^ appear where thej^ would 
be expected, either at the end of the 
stem or in the axil of a leaf. As 
shoots the^^ must bear leaves, and all 
these leaves are highly modified to 
form the various parts of the flower. 
A"er\" often the flower is- not sub- 
tended b}r a foliage leaf, but by' a 
reduced tissue-like leaf which is 
called a bract. This is seen clearly 
in the Iris, daffodil, etc. 

The liuttercup flower is an excellent type for showing the 
various structures which may be modifications of the leaf 
(Fig. In the centre of the flower may be seen a number of 

small pale-green structures called 
carpels. Surrounding these are 
many \'e]low’, club-shaped out- 
growths called stamens. Outside 
these again are several heart- 
shaf red petals ; and on the very out- 
Bi< le are the pale-green, boat-shaped 
sepals (( ha]>. X VIII). It is eas^’ to 
H<‘e the similaritv" of the flow^er, 
with all its leaf-like appendages, 
to a normal foliage shoot In^ cut- 
ting it through verticall^t It will 
then he seen that the carpels, sta- 
mens, petals and sepals are all given 
off laterallv from a flattened * stem * 
wliich is called the receptacle. 

Sometimes it is still further pos- 
sible to show that all these floral 



Fro. 70. Phyllodes of 
Acacia maiyinata. 

Note the plane, with relation 
to the stem, in whicli they grow'. 
In the axils, inHoreseences are 
prod need, 

(From Schimpefs ""Plant QeographyP) 
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Bt me til res are related to foliage leaves, for it is possible to 
find ail transitions from the normal foliage leaf to the A^arious 
floral leaves, just as in the horse-chestnut bud it is possible to 
trace transitions from scale leaves to foliage leaves. 

If a garden rose be examined, true stamens and true petals, and 
also some transitional members which are half petal and half 



FtCr. 71. Seedlino of Acacia pycnantha. 

Note the horizontal position of the unmodified portions 
of leav(‘s 1 -h. In loaves 5 and 6, parts are modified as vertical 
phyllodes. 7-9 are completely modified as vertical phyllodes. 

71, nectaries on the j)hyllodes. 

(After Schemsk,) 

stamen, may be found. Also some sepals may be partly green 
and boat-shaped, and partly coloured and petaloid. 

' In the tnlip it is sometimes possible to see a transitionary type 
between the foliage leaf and the coloured floral leaf. It is usually 
seen in the case of a leaf growing on the flower stalk, near the 
actual flower . This leaf may he partly green and partly coloured 
(Fig. 72). 
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hi ITifU t he .Great German poet and philosopher, Goethe, who 
was also a hotanist, |)iibllshed a book entitled '' On the Metamor- 
phosis of Plants.’' fn it he made the statement for theiirst time 
in the history of botany that all the appendages of the stem 

are leaves, either foli- 
age leaves or modified 
leaves. Thus,, scales, 
bracts, and all the parts 
of the flower, sepals, 
petals, stamens, and car- 
pels, are modifled leaves. 
This conception held the 
field for many years 
wfith a certain amount 
of support, as we have 
already seen. To-day, 
however, botanists are 
beginning to suspect its 
truth, and it is quite 
likely that floral organs 
have no connexion with 
foliage leaves at all, 
in spite of the apparent 
relationship. 


petilloid.,^ 

portion 



— foliar 
pottion 


■foliar 

portion 

. . petalhid 
portion 


Fia. 72. Trijp Flower showing a 
Floral Leaf partially modified into 
A Foliage Leaf, and a Foliage Leaf 

PARTIAI.LV MODIFIED INTO A FLORAL LeaF. 
Thp darker parts represent green, and the 
lighter parts pink. 


Vegetative 
Reproduction in 


the Garden 

Some''',' of ■■ ..the' ''Vplant'":" 

m.«iifio.ations v, ' '.already.',;'' 
considered . are,'; often,'".''^ 
used by the gardener, 
as have already seen, for the artificial production of 
new plants. There are, however, others which are used in 
horticulture. 

We have already seen that stems are capable of giving of! 
adventitious roots. Now stems often do this from their cut ends, 
when they are severed, provided the cut end is given plenty of 
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Fkj. 73. Leaf op Bryophylhm attbu Ovjutiyation 
os Damp Soil, showing AovENTmous ’^ Plants being 
PRODrCED IN THE NOTCHES OF THE LeaF.' ' ' 

(After Thompson,) 

moisture. Some plants are more susceptible to sucb treatment 
than otliers, for example, the willow, which we have already con- 
sidered. The geranium 
and carnation will do the 
same, and ‘ cuttings ’ are 
taken for this purpose. 

Begonia and Bryophyh 
htrn illustrate a curious 
method adopted by horti- 
eulturalists for the pro- 
duction of new plants. It 
is somewhat similar to the 
method of cutting, but in 
this case the cut surface 
is that of the leaf and not 
the stem . If a Begonia leaf 
be cut cypher in the petiole 
or the lamina, the cut sur- 
faces, if kept damp by, 
say, placing on a damp 
soil, will give oi? adventi- 
tious roots into the soil and 
adventitious shoots into 
the air (Figs. 73 and 74). {After Thompson,) 

In this way, new plants are produced and the old leaf finally 
dies away, once the young plant has made itself independent. 



Fig. 74. Paex of a Begonia Leap 

BEARING ABVENTITlOtrS BlJDS AFTER 

CULTIV.ATION, IN Heat, on a Damp Soil, 
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This prrH'ess is a much quicker method of producing new plants 
Oiaii by seeds. 

Still mnvo artificial methods of vegetative reproduction known 
to th(‘ uardener are the methods of budding and grafting ; but 
these will l)e dealt with in Chap. IX in connexion with the 
consideration of trees. 


PRACTICAL WORK 

Wherexer possible, one should eolleet material for study, per- 
sonally, making a note of the features of the surrounding country, 
and espetnally the other types of plants with which the coileeted 
material is associated. 

1. Exaniine and make a drawing of the root system of the lesser 
celandine. Note the fibrous, normal roots, and the club-shaped 
root tubers, ^lake a thorough examination, and write an account 
of tliose features which prove that these tubers are modified roots. 

In a similar way, study the much larger specimens of root tubers 
in the if material is available. 

2. Tear a spray of ivy from an old wall, or the trunk of a tree. 
Note how {.iiliicult it is to do this without breaking the stem of the 
i\-y, thus showing how tenaciously the adventitious roots cling to 
their .sii|)port. Examine and draw these adventitious, climbing 
roots, ami state why they must be of adventitious origin. 

3. Not all maize plants will show examples of stilt, or buttress, 
roots ; but many do. In a field wh^u’e maize is growing, make a 
thorough search for stilt roots, and draw such a plant without 
removing it from the soil. This gives a better conception of the 
function of such roots. Note how they are very like the flying 
Imttresses on a building. 

4. Carefully dig up a complete, small potato plant. Wash all the 
soil away from the subterranean portion, and then look for stem 
tubers. Note their position. Examine a tuber in detail, looking 
for thf^ features already described, and state the reasons for dis- 
tinguishiug between this type of tuber and that of the Dahlia or 
lesser celandine. Make a drawing of the whole plant and also of 
one tuber enlarged to show details. 

Kwp a ‘ seed potato ’ stored in a dark cupboard over the winter. 
In the spring, examine it periodically, and note and record what 
happens. .Several of the buds in the ‘ eyes ’ will shoot out. Note 
that the slioot is produced first. Later adventitious roots are 
formed near the base of the shoot. At the same time, the tuber 
begins to shrivel up. Why is this ? Make a drawing of the 
sprouted tuber. 

(btrdoners, as has already been stated, very often divide a tuber 
into two or three parts for the sake of economy, before sowing. 
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This is cjiiito saib, provided each portion liaS at least one ‘ eye 
fiut, to help li'iatiers still further, the cot surfaces are usually 
<'o\ered with liine, two or three days before sowing. Perform this 
opei ation, and note the effect on the cut surface. Why is this done ? 

5. Examine the eorm of a crocus or Gladiolus, Carefuliy remove 
the scale leas es and look for any small, white axillarj” buds which 
may l:>e present. Look also for the old corm and any young ones. 
AJake a drawing of tlie ext€irnal features of the eorm. 

t'ut a longitudinal section of a corm, and examine and dratv the 
structure at tlie cut surface. Note the swollen stem, roots, ter- 
minal burl, «‘tc. Correlate each part with the corresponding parts 
of anornsai unmodified shoot, and describe in wdiat 'ways the parts 
of tlie eorm have become modified. 

6. Afake a similar examination and drawing of a typical bulb, 
such as that of tlie hyacinth, tulip, onion, etc. Compai*e and con- 
trast the different structures of the bulb with those of the corm. 

7. Try to up'iroot some couch-grass or sedge or some other 
plant wd'iieh has a rliizome. Note how diflieult it is, otving to the 
subterranean, creeping habit of the plant. Examine and draw a 
part of the rhizome in detail, noting especially the origin of the 
atnial, foliage leaves, and the roots. Note also the scale leaves. 

8. Collect some specimens of creeping stems. There are several 
good examples w'hicb arc" common , such as monejwvort (creeping 
Jenny), Ahroula, ground ivy, etc. Note the long, recumbent habit 
of the stem, the absence of scale leaves (compare this w'ith the 
rhizonio), the position of the adventitious roots, etc. Make com- 
parative drawings of the types collected, 

9. Examine the structure of the straw^berry plant. Either 
cultivated or wild strawd^erry will serve the purpose. Look for 
and draw' examples of runners, and how’' they form new’ plants. 

10. The bouseleek is not a very common plant. It is sometimes 
found growing on very old w’alls, and, in some country districts, 
it may be found growing on the tiles of very old cottages, where it 
is actually cultivated in order to keep the tiles together. Try to 
obtain a specimen, and look for and draw examples of offsets. 

11. Make a .study of examples of stolons. Note the curved 
nature of the stems and ho%v the adventitious roots are given off 
from that part of the stem which touches the ground. Note 
exactly where the new’ adventitious shoots are formed. The 
currant and gooseberry are good material for this piupose. 

12. Collect some shoots of the haw’thorn in earlv spring. Note 
the general character of the woody stem, and the leaves. Look 
for the thorns, and note especially their position on the steni by 
means of diagrams. Look also for larger examples, W'hich, them- 
selves, will be seen to be bearing foliage leaves. Explain w’hy we 
know^ that these thorns are actually mbdifiM branch shoots. 
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13. Stutiy ihe In.-joks on the stem and petioles of the bramble or 
rosr, TiHopHrii them witli thorns, and explain why the hooks 
eamint h(^ modified l>rauch shoots. Study carefully their shape, as 
i*omp?u‘(M! witli thorns, and explain this. 

14. Kxatiiples of butcher s broom can usually be obtained from 
the liorist or even from a garden, where it is sometimes cultivated 
t(j hirm a low hedge. Examine the cladodes carefully, especially 
with relation to the \'ery reduced leaves. Fully explain why \ve 
kno’w that these also are modified branches. 

15. Htt idy, draw and describe examples of stem tendrils. Good 
examples are : the twining tendrils of w’hite bryony, the adhesive 
tendrils of the Vhrginian creeper, etc. Examine also the tendrils 
of the grape vine — it is best to examine this while the vine is in 
fhjwer— -and try and discover, by comparison, wdiy we know that 
the tendrils are modified inflorescences. 

14. Examine specimens of leaf tendrils. Note by their position 
and relation with other leaf structures why they are leaf modi- 
fications, and from this point of view make comparisons wdth the 
stem tendrils. Note the difference between the leaf tendril of the 
garden, or sweet, pea and that of the yellow vetching. 

15. .Make a comparative study of the leaves of a holly tree, 
choosing examples from the low'er branches and the higher. 
Note the spiny nature of some of them. Show the different types 
l)y moans of diagrams. Barberry, too, is a good • example "of a 
spiny leaf. This shrub is often culti\'ated in gardens and shrub- 
berk?s. Look for various types of spiny leaves, on the same shrub, 
from the very spiny to the almost .smooth (entire) margin. 

16. Eobhiia is also a commonly cultivated plant. Try to obtain 
a branch of this plant, and examine and draw the leaves, noting 
the modification of the stipules. 

17. The gradual transition of one floral organ into another, such 
as lluit of petal into stamen, offers splendid opportunity for the 
study of the relationship of the various floral parts. 

One should be able to find all types in a garden, or even in cut 
flowers purchased from the florist. Good examples in w^hich to 
lot)k for this phenomenon are the cultivated rose, tulip, anemone 
and picony. In the tulip, transition from foliage leaf to floral leaf 
is (juite a comxxion sight. In the rose, transitional types between 
sepal and petal, and petal and stamen, may very often be seen. 

Field akd Oaeden Wokk, Etc. 

The study of various modifications of plant organs is a fascinat- 
ing one, since it is possible to go on .almost ad infinitum finding 
various interesting examples. This can be done in the field, the 
gard^, greenhouse, botanical gardens and so forth. 

It is not suggested that special excursions should be arranged for 
this purpose, but, whenever such excursions’ are arranged, one 
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slioukJ kcH>p on the look-out for any type of modification. When- 
exev one is found, it sliould be examined and drawn. The function 
should be decided, and, most important of ail, it should foe dis- 
covered what CM'gan has been modified to produce it. 

In tlie garden, examples of suckers should foe looked for, especi- 
ally those of mint and plum. 

If possible, an excursion to a nursery garden should be arranged. 
There, all types may foe examined; and much profit could be 
o})tained from a discussion with the gardener. Try to see examples 
of layering, and the production of strawberry plants from stolons. 
Make draA\ings. or take photographs in the garden. 

A visit to a large greenhouse, or, better still, the houses of a 
botanical garden, would be well worth while in this connexion. 
There, one may see examples of the banana plant, cacti, tropical 
orchids with their aerial roots. Acacia plants with their phyllodes, 
etc. in, some large nursery greenhouses, they^egetative reproduc- 
tion of plants from leaves may foe seen. 

When making tliese visits, it is always advisable to make draw- 
ings or take photographs. It is also very valuable, and much 
niore ititeresting, to approach the owner ,*gardener, or guide, tact- 
fully and courteously, and try to get him to discuss the examples 
with you. More information can be gleaned this way than any 
amount of study from a book, or practical study without discus- 
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Methods of Study 

TriE science of botany involves the study of everything in con- 
nexion wit ii tiie plant kingdom. This includes a study of internal, 
as well as external, appearance, gross and detailed. The study of 
the form and structure of plants is called plant morphology. The 
study of the various fu Actions w’hieh a plant performs is called 
plant physiology. 

Tlien tiicre is the study of the thousands of different plants, 
how tluy differ from, and how they resemble, each other, in 
order tliat tlicy may be classified. This is called systematic 
botany. The geographical distribution of plants, too, is im- 
portant. for it is common knowdedge that plants which will grow 
in one geogi^aphical district, for example, the tropics, will not 
flourish in another. This study of plant distribution is called 
plant geography. Just as it is possible to divide the earth into 
certain geographical regions, so can the plants or flora and the 
animals or fauna be divided up into geographical groups. 

But ])iantH depend so much upon their surroundings that the 
study of this environment qt habitat is necessary in order to 
understand the form or habit of the plant. In a study like this 
one cannot help but be impressed by how much a plant’s struc- 
ture or habit depends upon its habitat. Habitat can differ widely 
within a single geographical region. For example, such habitats 
as wootls, meadows, bogs, ponds and streams, etc., can all exist 
in a small h illy district. Therefore plant geography is not enough . 
More (k^tails of the habitat such as the chemical and phy^sical 
nature of the soil, light, moisture, effect of animals, etc., are 
required. This detailed study is called ecology. 

Plants are living things like ourselves, and, like ourselves, thev 
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Pig. 75. Carl von Linitjegs, 

1707-1778. . 

The Swedish botanist who laid the foundations of plant and 

amrnal eiassificatioii, 

noticed before 1840, called the potato blight. It did .so ir 
damage that a serious famine resulted. There are thousanc 
plant diseases, and their study is known as plant patholo?v 


are su.sceptible to disease. For example, in 1846 the whole 
potato crop in Ireland, upon which the people of Ireland de- 
ej pend so much, was attacked by a disease which had never been 
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Plant brendinty, that ib, the artificdal atteiBpte by the liorti- 
i'ulturalist aiul t he profesBional nian of science at breeding better 
jdaiits and plants which are more able to withstand certain con- 
dit ions, is be<‘f)ming an important branch of study. This branch 
of botany is called plant genetics. 

It is possible to go still further into the various divisions of 
botanical science, but we will leave them until the occasion arises. 
Siithcient has already been said to show what a large number 
of subjects may be studied in botany and how important they 
are. 

But botany, like the other sciences of physics, zoology, chemis- 
try and geology, etc., is not now wbat it was. It has under- 
gone great development, especially during the last century. 

Divisions of Botany 

Historiealh', botany dates back, not decades, but centuries. 
\\b have historical evidence that the Chaldeans, Egyptians and 
Greeks, who took science seriously, included botany as one of 
their subjects. Theophrastus, a friend of Aristotle, wrote fifteen 
books on various aspects of plants and their uses. Then the 
‘ elder ’ Pliny, the Roman writer and philosopher, described many 
plants from the medicinal point of view. Studies of plants have 
also lieen traced back to the Arabians. 

Following this, however, learning in Europe, including that of 
botany, made little progress until the sixteenth century when 
there was a revival, bringing with it an appreciation of the merits 
of botany. A physician named Otto Bruufels, who lived in 
Berne, in Switzerland, is supposed to have restored European 
l>otany in the sixteenth century. Following closely in his wake, 
William Turner began to lay the foundations of botany in Great 
Britain. In 1551 he published a book on the medicinal study of 
plants. But he merely classified plants according to their 
medicinal virtues and made no attempt to classify them so cor- 
rectly as they are to-day, irrespective of their medicinal charac- 
teristics. 

Plant classification was the next study that received attention. 
The first attempt, early in the sixteenth century, was made by 
Oassalpinus, an Italian. In England, John Ray published a book 
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on plant (‘lassilieation in 1682. In 1669, Robert Morison, the 
iirst professor of botany in the University of Oxford, published 
u classification of plants. 


Fig. 76, Charles Robert Oabwik, 

1809-1882. 

Ihe Engiish naturalist whose work on the origin of species 
and the evolution of plants and animals opened a new era 
of biological thought. 

The classification of plants which we use to-day, based 
chiefiy bn the characteristics of the flowers, was founded in 
the middle of the eighteenth century by Linnasus (Fig. 75). 
But the system has now been very much modified (see Chap. 
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XXiV).' ■ more., natural classifi€atio.n .''than ■■ ''that 

of Liiiiijoiis, ami that is due very much to the changes made 
iy th(‘ British botanist, Eobert Brown, and still more so to the 
great naturalist, Charles Darwin (Fig. 76), who w^as born at 
Shrewsbury in 1809. 

Darwin fiid a great deal of his work in geolog}^ zoology and 
botany when he went as naturalist on the Beagle, a surveying 
ship which sailed to many parts of the world, completely circum- 
navigating it for the sake of discovery. Much of his wrriting 
afterwards was done at the village of Dowme, in Kent, where he 
dieti in 1882. Dowme House, the house where Darwin worked, 
has now been presented to the British Association for the 
Advancement of Science and has been opened to the public as a 
museum (see also Chap. XXIV). 

Early studies of plants were chiefly from the point of view of 
their use in medicine. The study of the internal structure of 
plants or plant anatomy may be said to have begun with the 
Englishman, Nehemiah Grew, and Marcello Malpighi, an Italian, 
wlio published their discoveries between 1770 and 1790. It is 
common know’^ledge now that one of the most necessary pieces 
of equipment to nearly every scientific worker is the microscope, 
l)oth simple and compound. Before the invention of this 
instrunient, comparatively little was known of the internal 
structure of the plant. This internal anatomy began with the 
studies of Grew and Malpighi, although the latter worked 
chiefly with animals. This study of internal plant anatomy 
fell into the shadows afterwards ; but in the middle of the 
nineteenth century it was brought out into the limelight again 
by Hugo YOU MohL 

We ow’e much of our present-day knowledge of the morpho- 
logy of plants, especially the detailed internal structure, to two 
German botanists, whose names will go down in the annals of 
science as l>eing two of the most important founders of the de- 
tailal study of plant structure. One was Professor Wilhelm 
Hofmeister : the other w^as Professor Karl Bitter von Goebel. 
1\vo British botanists, who have been responsible for the study 
of plant stnicture, are Professor P. 0. Bower and the late Dr. 
D. H, Scott. 
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Fui. 77. Sir Joseph Hooker, 

1817-1911. 

The English botanist, formerly a director of the Royal 
Botanic Gardens, Kew, who made an extensive study of r)lants 
Hi many parts of the world. 

(Fig. 77) and Dr. Alfred Russel Wallace (see Chap. XXIV) did 
much towards the establishment of this subject. 

I ossii plants shed a great deal of light on the flora of past ages. 
Many British botanists have added greatly to our knowledge of 
the past floras by studying fossils obtained from rocks of various 


Our knowledge of plant geography has accumulated chiefly 
fr<sm (‘Xpeciitions made on land and water for many centuries. 
Great men of the past such as Charles Darwin, Sir Joseph Hooker 
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strata. Amtvng fcliem were Dr. E. Kidston, Professor W. C. William- 
son, aiifl Dr. D. H. Scott. Botanists of to-day, working in this field 
include Professor W. H. Lang. and Professor A. 0. Sewardl (see,* 
Cdiap. XXIV). 

Plant pathology is a much more recent study ; but it is now 
om of the most important, from the economic point of view. To- 
day we have plant pathologists in universities, research institutes 
and under Governments throughout the whole civilised world. 
This branch of botany began chiefly with the works of Anton de 
Bary, the French botanist, who worked towards the end of last 
century, and much was done towards its furtherance hy tlie 
Englishman, Professor Marshall Ward. 

Plant genetics too is profoundly important, and began with the 
efforts of Gregor Johann Mendel (Fig. 340), an August iiiian 
monk of Briinn, Austria, wdiose work, however, was neglected at 
the time. Professor William Bateson and Professor Hugo de 
Vries (Fig, 339) have added much to our knowledge of this 
subject (see Chap. XXIV). 

Plant ph ysiology , although an important branch, is a compara- 
lively young one, yet, as we shall see in later chapters, it had its 
investigators centuries ago. 

* Protoplasm 

A question of fundamental importance is : What is the basisi 
of life ? What makes a plant or animal live ? 

Life is due fundamentally to the presence in all living things of 
a substance called protoplasm. Protoplasm is the essential sub- 
stance in ail living things ; nevertheless, few living things arc 
eom|>osed solely of protoplasm. Many other non-living con- 
stituents are found, such as wood ; but these substances are all 
produced in a mysterious fashion primarily by the protoplasm., 
Tki4s all living things may be said to be comjgosed of protoplasm 
and its products. 

Protoplasm is not a rigid solid, and therefore cannot exist 
in large bulky masses. It usiialiy exists as microscopically small 
units, and each unit surrounds itself by a more rigid membrane 
for support. ' This rigid support is common in plants, but not bo 
common in animals. 
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The units of living protoplasm are called calls, and the sup- 
porting box-like membranes which are dead are called cell-walls. 
^ Here lies the basis of the study of plant anatomy. It was due 
to the discovery of cell -"walls first of all that cells themselves were 
recognised, for the walls are much more easily visible than the 
cells. Robert Hooke, the English microscopist, was the first to 
discover cell-walls, in 1667. It was he who gave the name ‘ cell 
for the little compartments which he could see in the bottle 
cork which he was examining had the 
ai>pearance of the cells of a honey-comb 
(Fig. 78). But he did not recognise the 
ival colourless cells of living protoplasm 
enclosed by those honey-comb-like dead 
cell-walls. That w’as left to Malpighi and 
Grew. Yet although these two discovered 
the real ceils, the great importance of this 
discovery was not recognised until tw^o 
hundred years afterwards. 

Protoplasm, under the microscope, ap- 
pears to be a clear viscous fluid which is 
capable of changing its shape under certain 
circumstances. It behaves normally like a 
liquid because (a) if drops of water are enclosed in it they take 
U]> a spherical form ; (6) very small particles when embedded in 
it do not remain stationary, but vibrate quickly—this vibra- 
tion is called Brownian movement after Robert Brown, who 
first discovered it in 1827 ; (c) if subjected to an electric shock, a 
particle of protoplasm takes up a spherical shape. 

As will be seen later, protoplasm is composed of many different 
chemical substances, but before doing this the condition in 
which these substances are present is worthy of study. Water 
is present in the protoplasm, so that the rest could conceivably 
be present dissolved in it. Actually some of them are, but others 
are not. This, therefore, brings qs to a consideration of the 
nature of solutions. 

It is well known that some substances will freely dissolve in 
water. The substance dissolved is called the solute, whereas the 
water is called the solvjp.t. In a true solution like this, the 



Fig. 78. Copy op 
A Part op Hooke’s 
Illustration op 
Bottle Cork, which 

HE DESCRIBED AS 

“ Schematism or 
Texture of Cork.” 
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molecules of the .solute are completely distributed in the solvent, 
so tl iat no tiro molecules of the solute are touching each other. Most 
substances which will enter into true solution like this are called 
crystalloids. 

There are, on the other hand, some substances which do not 
truly dissolve, altliough they appear to do so. They are not in 
true solution, for their molecules, instead of being quite separate, 
are present i n groups or aggregates. Starch is of this nature. Such 
substances, in contradistinction to crystalloids, are called 
colloids. 

The chemical substances which make up protoplasm are 
present in both conditions ; some as crystalloids, and others as 
colloids. Therefore protoplasm may be looked upon as being 
a crystal lo-coUoid. 

A table jelly is a colloid, and anyone who has seen a table jelly 
being made will therefore know that colloids can exist in several 
conditions. The jelly, when it is purchased, .is very stiff and 
viscous. Then it is cut up and placed in hot water, when it be- 
comes so Huid that it can be poured. Finally it sets, when it 
bec'omes more viscous, but not so viscous as in the first place. 
Collokis tiierefore exist in various degrees of viscosity. So can 
protoplasm. 

A very \ iscous colloid is called a gel, and a very fluid colloid is 
called a sol. Sometimes, the condition can be changed, one into 
the other. Such changes are sometimes reversible and some- 
times irrev(U’sible, An example of the latter is the ' white ’ of an 
egg. Tn its natural state it is a colourless sol. When it is heated 
it is transformwi into a white, opaque gel, and cannot be recon- 
into a sol again. Protoplasm is a reversible colloid, that is, 
it can be converted from the sol to the gel, or mce versa. Physic- 
ally, theref«)re, protoplasm varies considerably, chiefly with 
regard to its colloidal condition. 

Chemically, protoplasm varies extensively too. It is not just 
one chemical substance, but a mixture of many. 

W ater is t lie chief constituent of protoplasm . This varies from 
as much as 98 per cent, to so little as 10 per cent. The first reli- 
able chemical analysis of protoplasm was made in 1881 by Eeinke 
andBodewald. Kext to water come.proteins. Once all the water 
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in rlriven off, proteins vary in percentage, from 40 per cent, in 
some plant protoplasms to 65 per cent. in others. Carbohydrates 
are present to the extent of about 12*5 per cent, dry weight, fats 
12*5 per cent, dry weiglit, 6*5 per cent, inorganic mineral salts 
such as potassium nitrate, and the rest is made up of other 
substances which vary considerably in different cells. The 
nature of carbohydrates, proteins and fats will be considered in 
Chap. VI. ' ' 

The many physical and chemical processes, which are respon- 
sible for the living activities of protoplasm, take place at the 
surfaces between the colloidal particles and the solution in which 
these ])artieles are embedded. Considering the millions of sur- 
faces that exist, even in a microscopic amount of protoplasm, 
there must be ample opportunity afforded for these chemical 
and other reactions. A very picturejsque illustration of the nature 
of protoplasm in this respect was given in 1932 by the late 
Sir J. Arthur Thomson. Speaking of protoplasm he said that it 
may be compared to an archipelago with a very large number 
of small islands on whose muititiidinous cospj^ines there are end- 
l(*ss opportunities for brisk trading The islands ” are the 
(.‘olloidal particles, the sea is the solution containing dissolved 
crystalloids in which the colloidal particles are embedded, and 
the “ brisk trading ” is the thousands of chemical and other 
reactions taking place. - 

Such, then, is a rough idea of the physiological make-up 
of the cell, and it is thus clear that the protoplasm varies very 
much in chemical and physical constitution. 

The Cell 

The chief constituent of the cell is the protoplasm. This is 
almost invariabty divided into two main portions. The bulk of it 
is made up of a colourless liquid, in the sol state, containing many 
granules embedded in it. This part of the protoplasm is called 
the cytoplasm. 

Embedded in this cytoplasm is the other portion of the proto- 
plasm, wdiich is called the nucleus. It is ovoid hi shape and is 
situated either near the centre of the cell or close to the edge. 
But wherever it is, it is never on the of the cytoplasm. In 
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otlier wt>nis, the iineieiis is always completely surroimcied by 
eytopliism. The nucleus, like the cytoplasm, is composed of 
prot<>]>lasm. but the protoplasm of the two portions Taries con- 
siderably, both chemically and physically. The micleiis varies 
eheniic*aliy from the cytoplasm in that the former contains more 
phosphorus, and physically in that it is more of a gel. 

A li living cells contain c 3 doplasm, and by far the majority con- 
tain a micleus. In the case of very young cells, this is all that 
they do contain. But nearly all plant 
cells are surrounded by the cell-wall 
which is composed of a carboh 3 ^drate 
called cellulose (Figs. 79 and 80). 

When the cell begins to grow in size, 
the cell-wall begins to expand. However, 
the cqII which it contains does not grow 
at a corresponding rate, since very little 
new protoplasm is manufactured by a 
growing cell. Therefore as the cell- wall 
expands, spaces will be formed inside it. 
The cytoplasm in a young cell is always 
pressed tightly against the cell- wall, and 
this always holds good, even for the older cells. Therefore such 
spaces as are formed during the cells growth appear in the 
‘C^^toplasm itself, and not between it and the cell-wall. Some 
cytoplasm invariably lines the cell-wall. 

The spaces formed within the cytoplasm during growth are 
called vacuoles, but they are not empty. The}^ contain water, 
with certain cr 3 ’'stailoids dissolved in it. This solution in the 
vacmole is called cell-sap. The substances dissolved in the cell- 
sap varies. In the cells of the onion bulb and the beet, as we 
should expect, it is chiefly sugar. In the ceils of the bean and 
pea seeds it is potassium nitrate/ 

Since the nucleus is always surrounded by some cytoplasm, it 
nev€?r abuts directly on a vacuole. In the case of a vacuolated 
cell, the nucleus may be embedded in the cytoplasm lining the 
cell-wall or it may be surrounded by a layer of cytoplasm and 
suspended wi^in a vacuole, by means of fine threads of cyto- 
plasm stretclmg from the cytoplasm surroupding the nucleus 
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an<! the cytoplasm lining the cell-wall. These suspending cyto- 
plasmic threads are called bridles. 

Xearly all cells are so small that they can only be seen under a 
microseo}>e. Yet they vary considerably in size and form. For 
exam|)le, the cells of some bac- 
teria are s|>lierical and about 
mm. in diameter (Fig, 7), 
whereas the cells of some fleshy 
fruits are 1 mm. in diameter. 

Cells may lie spherical, cubical, 
cylindrical, polyhedral or pris- 
matic in siiape. The cells which 
form the fibres of some plants 
are long and tapering and may 
reach a length of 20 cm. 

Division of Labour in 
the Plant 

Many plants are composed of 
hundreds of cells, all joined to 
eacli other by their cell-walls. In 
some lug plants, such as trees, 
t h(n a re ra illions of them . Such 
plants are said to be muiticeliu- 

lar. On the other hand, there are' go. Sections of two 

lUctiits which are each composed Plant Cells. 

oi oue cell only for example, Above, a young cell ; below, 

bacteria (Fis. 7) and Chkm/ih showing increase 

/ „ riT'd Cl I 1 , in volume and the development 

{iontovas (Fig. 1). Such plants of vacuoles ( x about 800). 

are said to be unicellular. 

The cells of a multicellular plant can be compared with human 
beings. If you were living alone, absolutely cut off from con- 
tact with any other human being, you would have to do every- 
tliing for yourself. A unicellular plant is like that. It performs 
all the processes of life within itself. 

Xow within a community of people, such as a nation like the 
British, we never find people who do everything for themselves. 
They split themselves up into groups, and each group does one 
^ , , ■ ■ ■ • 
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or iMniiufJS several certain kinds of work only. Some grow, food, 
Vikv tlio fariiua's. Others manufacture it, like the bakers ; , others 
make our r'lothes, and others help to keep ns healthy when we 
well and to recover when we are ill ; and so forth. This 
s]ditti!ig up of all necessary work and allocating it to different 
peopk‘ or groups of people is called divismi of labour. 

In this respect the plant represents the nation, and each cell 
represents one human being within the nation. Human beings 
become modified to do their special work ; bakers become skilful 
in kneading the dough ; farmers become proficient in tilling the 
soil, sowing and reaping ; clerks in adding up figures ; doctors 
in treating the sick, and so on. So do cells become modified 
in. order to carry out their special work successfully, as we 
shall see. 

Tissues 

Division of labour has another important characteristic. 
Men having tlie same kind of work to do often group themselves 
togetlier. Coal miners, for example, congregate around the coal 
mines, and farmers relegate themselves to the land. Thus, within 
a community of people, so far as is possible, we have a segrega- 
tion according to work (or function). So also do many cells 
wliieh liave the same kind oi. work to perform congregate into 
groups. Such groups of cells, having the same modifications of 
st ructure and therefore the same functions to perform, are called 
tissues. 

The young cell is composed of nucleus, cytoplasm and cell- 
wall. Tlien it groivs in size and vacuoles appear in thecytoplasm. 
These unmodified cells when collected together form a tissue 
whieli is called parenchyma. Eood-storagd tissue is usually com- 
posed of parenchyma.tous cells such as those in the beetroot and 
the potato tuber, and the fleshy parts of the fruit of the apple. 

Living Tissues 

When they become modified some cells still remain living, 
whereas others are killed. 

In all tlie more advanced plants there must be some means of 
transporting food, for although all living cells must have food 
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only i\ fow ean niannfacture itj and the latter are usually situ- 
a t (.‘d i n 1 1 iv lea i . Ft>r food transpoi't , special cells are used . F ood 
is never transported in the solid state, but in true solution in 
water. The cells used for this purpose are originally paren- 
chymatous, Tiien, as they grow, they become elongated, and all 
iire superimposed on each other, giving a long chain of tubes, 
streteliing from the leaves, domi through the stems, to the roots. 
Since, howe\'er. such a chain is composed of many cells joined 
end on end, there are bound to be cross wails in the tube, 
wliercn'cr two such cells join. 

These cross cell -walls, however, do not form an absolute 
Idoekade t<y the passage of dissolved water and food, for the 
solution can pass through cellulose. In spite of this, however, 
these walls would impede such progress. This is prevented by 
the cross walls becoming perforated b}’' a large number of small 
holes, so that each wall looks like a sieve. Each cross wall is 
tlierefore called a sieve plate, and the whole tubular cell is called 
a sieve tube (Fig. 81). Throughout all this development the 
protoplasm ]>ersists, and finally remains as a thin lining to the 
si(‘ve tube, yet. strange to say, the nucleus disappears. 

Sieve tubes are found in all the larger plants, such as ferns, 
Junes and dowering })laiits, grouped together with other kinds of 
(‘ells. e.special]y parenchyma, in the tissue known as phloem. In 
t he flowering plants only, however, closely related to each sieve 
tube is aiiotlier modified cell. It lies close to the tube and is 
elongated just as much, thougli in cross section it is not so large. 
It contains no vacuoles, but is full of cytoplasm and a well- 
de\'elop(ai nucleus. Since it always accompanies the sieve 
tul>e, it is called a companion cell, but its function is at present 
unknown. 

.Many plants grow^ in very dry regions, such as deserts and semi- 
deserts. Such plants are forced to take advantage of what little 
rain there is,, collect more than it requires at the moment, and 
store the excess. For such storage of water, ordinary paren- 
chymatous cells are used, but they become modified in that they 
grow to a tremendous size in order that their vacuoles can be 
very large and store the water. Such a tissue of cells is called 
water-storage tissue {Fig. 82). 
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Dead Tissues 

Dead eel! tissues are frequently used in the skeletal parts 
rjf tlie [ilaivt ; they are also used for conducting water from 




Fig. 81. A Sieve Tube. 

A, in longitiidmal section ; B, in transverse section, 
})a8sing just above a sieve plate ( x 360). 


one part of the plant to another, for such transportation must 
be at a much quicker rate than the transportation of food- 
stuffs. 
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All sucli {'cils imiKt he strong, and in order to make them so 
ih n h( come thickened. This is done by the formation of a 

substance called lignin or wood, on the cell- wall. This formation 
takes ])laee at the expense of the protoplasm, which gradually 
disa[)pears, thus eaiising the death of the cell. There are several 
forms of lignitied cells, and their variety depends on the manner 
in which the lignin is deposited on the wall. 

One type is tliat where the lignin is deposited almost com- 
|)Ieteiy over the whole surface of the cell-wall. The tissue formed 
of such cells is called scierenchyma. There are two main types of 
sclerenchyniatoiis cells, stone cells and fibres. 


Fro. 82. Water-storage Tissue. 

(3n the left, tissue containing stored water ; on the right, 
the same tissue reduced in volume after some of its water has 
been removed for tlie use of the plant ( x about 170). 

Stone cells scarcely ever form real tissues since they usually 
exist separately or in groups of just a few, and are usually em- 
Irodded in a matrix of parenchymatous tissue. The stone cell is 
usually isodia metric in shape — that is, more or less spherical, 
though somewhat pushed out of shape by the close proximity of 
ot I K‘r cells. It is heavily thickened by the deposition of lignin on 
the wail, so that the lumen— that is, the space left by the cell 
wliieh has disappeared— is reduced to practically nothing. At 
certain spots on the surface of the cell- wall, however, no lignin 
is deposited. As the deposit gets thicker and thicker, these un- 
thickened spots form pits in the layer of lignin. 

Wherever a pit is formed in one cell, another is formed in the 
stoue cell adjoining it. Therefore, there is a communicating 
channel between the two stone cells ; but the channel is not 
eom]>lete, for the original cell-wall still exists across it. The 
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i*e!I-wii!l, whicii persists and remains embedded in the 
rnibdie any thickened cell -wall, is known as the middle 
lamella. However, despite this continuation of the middle lam- 
ella across the pits, such pits greatly facilitate the, passage of 
water and dissolved substances from one stone cell to another. 
Some pits are branched. These stone cells are not very common 

in plants ; but the}^ exist 
in great quantities em- 
bedded in the parenchy- 
matous tissue of the flesh 
of the pear fruit. Their 
woody nature gives this 
fruit its gritty nature 
(Fig. 83). 

The other type of 
sclerenchymatous cell is 
fibrous in nature and is 
therefore called a fibre. 
It resembles a stone cell 
in all features except 
that, instead of being 
isodiametiic, it is very 
elongated, like a needle 
(Fig. 84). Sometimes 
the thickening in fibres 
is so great that the 
luinina are completely blocked up. Tissues made up of fibres 
are extremely hard, tensile and very elastic. Their strength is 
often as great as that of wrought iron and their elasticity even 
greater. The mechanical advantages of such tissues, especially 
to the stem, can well be realised. Fibres are very common in 
the wockI v tissues of the stems and roots. 

Another important function of wood, besides that of mech- 
anical strength through its fibres, is that of conducting w^ater 
throughout tlie plant. Wood is therefore found in roots, stems 
and leavers; for water passes from the soil into the roots, up 
through the stems and into the leaves. 

The fibres of the wood with small lumina or even no lamina at 



Phn. 83 . A CtRoitp of Stone Oetxs 

EMBHUDEl.) IN THE PARENCHYMATOUS 

'j[ issi u OF THE Pear P'rott. 
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all are clearly of no use for this 
funetioiL so utiier dead cell niodi- 
tications are used. 

In a town the ivater supply is 
coinan'ed through pipes, which 
I)e,uin as large acpieducts from the 
rescrvoii’s and then give off smaller 
and smaller l)ranehes until they 
reach ns as the familiar small 
watei’ pl])es in our houses. The 
water system in the plant is very 
similar to this. 

The water-conducting elements 
are long pipes. These elements all 
begin their development as living 
|)arencliymatoiis cells. Then they 
elongate into cylindrical, pipe-like 
shapes. But this is not enough. 
These pipes must be prevented 
from collapsing, for if they do 
collapse they will be useless for 
conducting purposes . Collapsing 
is prevented through the thicken- 
ing of the wall by the deposition 
of lignin on it. But the lignin is 
never deposited all over the wall. 

Certain water-conducting ele- 
ments are called tracheids. The 
siin}:)iest type of tracheid is that 
in wliieh tlie deposition of wood 
takes tiie form of parallel rings of 



lignin, deposited on the inside of Fig. S4. Plant Fibres. 


the cell -wall at the expense of 
the |)rotoplasm, which disappears. 
This tracheid is called annular. 
The next is formed by the deposi- 


On the left, a single fibre in 
longitudinal section ; on the 
riglit, a group of fibres (scleren- 
ehyma) in transverse section. 
Note the pits ( X 220). 


tion of wood in a spiral form, and such a tracheid iKS called 


spiral. In the next form, the wood is deposited all over the 
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Flo. 85, Annulab and, Spibal Tbacheids. 

Al, annular; Bl, spiral; AS and B2, the corresponding 
tracheids elongated by growth ; B3, part of a longitudinal 
section t hrough a spiral tracheid showing how the Wood is 
de])Osited ( X 30(i). 

cell-wall except that unthickened parts are left in parallel 
lines, giving a ladder-like or sealariforra effect. These are 
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scalariform traoiieids. The last form is similar except that the 
i!nthiekeii«Hl portions are left in a form of reticulum or network, 
thus fonninif the reticulate traeheid (Figs. 85 and 86). 

Hinec* water conduction is an immediate necessit}^ eren to a 
very young plant, such elements are formed in those parts of the 
root and stem wliich are still growing in length and, later on, 
thoscj wliieh are not grow ing in length. The tracheids themselves, 
i^nee formed, cannot elongate as they are dead; but since 
(‘ellulose is elastic and lignin is not, the unthickened portions of 



Fig. 86. Scalartporm Trachetd (lepi’) and Beticulate 
Tracheid (right) ( X 200). 

the tracheids can be stretched. This is possible, as may well be 
imagined, in the case of the annular and spiral tracheids, for in 
tlic former, the aimular thickenings w^ould merely be pulled 
farther apart, and in the latter, the spiral could be pulled out 
like a spring ; but not in the other two cases. Therefore in the 
young growing parts, the wood is formed of annular and spiral 
tracheids, whereas in the older non-growing parts, the scalari- 
form and reticulate tracheids appear. 

Tracheids, like sieve tubes, are superimposed on each other, 
forming chains of conducting elements. However, in this 
arrangement, there must be cross walls where the tracheids meet, 
and these will impede the progress of the passage of water. 
There are, how^ever, certain other conducting elements, which, in 

i>2 
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ihh rospeet, mv i^vm more efficient. They are very similar to 
the Tf^ur t\]>es of tracheids, but differ in that the cross walls dis- 
ijp]H‘ar dorinc: their formation. These are called vessels, and 
h ilia imiral )le conducting channels for water. However, apart 
from this added facility, vessels are like tracheids. There are 
annular, spiral, scaiariform and reticulate vessels, and they differ 

from tracheids only in 
^ ..Jignin whereas tracheids 

are each formed from one 
cell, vessels are formed 
from several. 

In some cases, the ves- 
sel is thickened to a high 
degree, and the regions 
which remain unthickened 
are comparative!}" small in 
size though large in num- 
ber. They are circular and 
are therefore pits ; but 
they differ considerably in 
structure from the simple 
pits alrea dy c onsidered . A 
glance at Fig. 87 will show 
that a simple pit in sur- 
face view takes the form 
of a circle, whereas that 
of the pit in question is 
bordered by another circle. 
Hence such a pit is called 
a bordered pit. When viewed in section, the simple pit is of a 
cylindrical shape, with the middle lamella passing across it. 
In the ease of the bordered pit, however, on each side of the 
middle lamella there is a dome formed by the thickening of 
lignin. The top of each dome is, of course, perforated, else 
there would be no real pit. Fig. 87 shows how this structure 
appears to be bordered in surface view; for lignin, under 
the mieroscop?, is rather transpareiat ; so the actual perforation 
of the dome appears as one circle and the base of the dome 



Fig. 87. Auo\’e, Simple Pit in Sxjr> 
r.\«'E View (lhit) anx> Longitudinal 
Shgtio.n Ought) ; delow, a Bordered 
Fit j\ Si;KrACE \‘iEVV and Longi- 
Ti’DiNAL Section (x 375). 
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Fig. SS. BrAGHAMMATic Bepbesentations of a Simple 
Pit fLKFT) and a Boedeked Pit (right) in Longitudinal 

SECTION. 


Xore the middle lamella passing across the pit in each case ; 
in the bordered pit the torus is formed by the deposition of 
more wctod on part of tlie lamella pas.sing across the pit. 




at the iiiiddle lamella appears as another circle, surrounding 
the first in a concentric position. A portion of the middle iam- 
fdla, actually crossing the bordered pit, also 
becomes tliickened by lignin to form a 
dise-slia]>cd structure called the torus. Fig. 

88 }>erha|)S gi\'es a better idea of the struc- 
ture of simple and bordered pits. Vessels in 
the older parts of wood are usually covered 
with bordered pits, as shown in Fig. 89. 

PRACTICAL WORK 
Sjmpt.e and Compound Microscopes ' 

Whereas the eompoiind microscope is not 
necessmy for a great deal of the work in- 
\'oi\T‘d in the study of plants, especially for 
}>eainnors, the simple microscope (eomrnonly 
(*alled a ' iens '} is practically indispensable. 

OtK^ shouhl ne\er go into the botanical 
laboratory or the field without a simple 
micToseope. A folding type is the best, 
since it gives two or three lenses of different 
magnifying powers (Fig. 00), Though such 
a lens ixweals little more than can be seen 
with the naked eye, it is invaluable in 
magnifying such structures, thus not only 



Fig. 89, Part of j. 
Wood Vessel show 
ING THE BeGIO? 
WHERE THE CROSJ 

Wall has Disin 

TEGRATED. 

Note the large num- 
ber of bordered pits. 
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Fia. 00. A Teiple Pocket 
MAC fNPFi'ER. Three Lexses 
OF Different Magxifying 
IN. nv.EE. 


COARSE 

ADJUSTMENT 


f >r<^\ orH \n^ (\ve strain but also bringing details clearly to the notice 
of tlu* ol waver. Where magnifications of not more than 20 dia- 
meters are required, a simple micro- 
scope will do. 

On the other hand, when one conies 
to the study of the internal structure 
of the plant, and to examine cellular 
structure, a compound microscope is 
necessary, since much higher magni- 
fications are required. 

The structure of a compound micro- 
scope is see n in Fig . 9 1 . The important 
parts of the instrument are extremely 
delicate, and it should therefore be 
treated wdth the utmost care. The 
image of the object is obtained by the objective, and this image is 
tlien magnified by the eyepiece. Both these parts contain lenses. 
Tile coarse afljustment is 
used for raising and lower- 
ing the tube of the micro- 
scope, thus getting the 
image into focus. For 
more exact foi.msing, the 
fine adjustment is used. 

Wiien , iiowever, t he object 
has been mounted on the 
stage, itsiiouid he got into 
tiie field of t lie microscope 
by gently moving it about ; 
tiien it should invariably 
be focused by the coarse 
a( Ij list merit . The fine ad- 
just men t can be used fin- 
ally, tliough the latter is 
scarcely ever necessary 
except during the course 
of higii-power work. Two 
oiqectives are usually 
enough; one to magnify 
about 50 diameters and 
another to magnify 300 
to 400 diameters. 

In the course of all nor- 
rnal mieroseopic work, it 
is necessary that the ob- 
ject should be more or less 
transparent, for the light 
must pass through it. The 
light w diroetecl up through the object on the stage by means of the 
mirror, the plane of which is adjustable. It is always best to work 
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with <layiiii‘ht. A L^ood light is necessary, but direct sunlight 
shr»nld h»* a\'fjided. Artificial light is not desirable, unless it is 
possible to use " daylight ’ electric bulbs. 

Many (t]»jects to be examined under the microscope are already 
snUiciently small and transparent to be placed on the stage com- 
})ltae; hut in other cases, such 
as a. 1 ‘oot or a stern, they are 
far too larLTO. In such eases, 
microscope sections have to 
bt* prepared. The way to do 
this will be described as occa- 
sion arises. 

In all eases, however, the 
object slionld be placed on a 
clean glass slide, and mounted 
in a mounting medium such 
as water or glycerol f formerly 
known as glycerine). There 
is, of course, the risk of some 
of the liquid medium getting 
on to the lens of tlie objec- 
ti\-e; so tin's is prevented lyy 
covering the mounted object 
with a thin sheet of glass, 
wliich is either rectangular 
or square. Olqects should 
seldom be mounted flry, and 
nevt'r wit! tout a cover glass 
(or slip). 

It is useless to .mount the 
olqeet in water, tiien place 
tlie cover glass immediately 
on tr*p, })y means of the fin- 
gers, hn* air hubbies al- 
riio.st invariably appear in 
the medium. The cover glass should be held obliquely on the 
sliile, near the oi>ject, then' slowly lowered by means of a dissect- 
ing needle (see Fig. 92). 


1. Cbt a hull) of the onion and, from one of the cut fleshy leaves, 
take oil a portion of the very thin, tissue-like layer. Mount this 
in water on a slide and examine the structure of the ceils. Make 
a drawing of a collection of such cells. Then examine on© cell in 
detail under the higli power of the microscope. In order to do this, 
it is best to stain the cell contents. This can be done by placing 
otic drop of iodine solution over the edge of the cover slip, and 
drawing the solution under the cover slip by placing a little blotting 
paper oil the opposite edge. 

Note the protoplasm enclosing several large vacuoles ; also the 




Fig. 92. Method of lowering a 
Cover Glass over Material moun- 
ted ON A Microscope Slide. 
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which, iiornialiy colourless, is now coloured a pale yellow 
Ia" tht‘ iodiuo solution. "Note the thin cellulose cell-wall which is 
susTfiUudin;i the whole cell. 

2, u very small portion of the pulpy tissue immediately 
heufNU h the skin of a tomato fruit (enough to cover a pin’s head is 
^uhic ient ). 'Moiiut this on a slide in water and then tease it out by 
means of dissecting needles. Cover it with a cover slip and examine 
utaier the liigli power of the microscope. Note the small parenchy- 
matous ceils. Stain with iodine and examine the structure in 
detail. 

3. Similarly remove a little of the green powdery Protococcus 
plants from a piece of damp wood and examine the single cells 
(see Fig. 2). Stain wdth iodine solution. Note the cell surrounded 
by the cell-wail. Note also the cytoplasm, and nucleus, and the 
hat, irregularly shaped chloroplast, packed within the cell. Look 
for colonies of such cells. 

4 Take a very small portion of the gritty tissue of the pear fruit 
and lease ib out on a slide. Examine the structure of the stone 
(‘oils Note the absence of cytoplasm and look for simple un- 
br<mched and branched pits. Staining with iodine or aniline 
siilfiliate (f>r chloride) will show up the lignided layers more clearly. 

5. Obtain a prepared slide of a transverse section and a longi- 
tudinal section of a stem (a good example is that of Cucurbita), 
In these piep*in'd bBctions examine, draw and describe as many 
eondiK'tiiig elements (sieve tubes and various types of tracheids 
ami \ossels) is possible in transverse and longitudinal section. 

6 Prepare some slides of various woody elements by macera- 
tion. The inateual required is a small woody twig. Cut up a 
portion of this into very foie pieces, then place the pieces in a 
beaker or crucible. Cover with concentrated nitric acid and add 
a few; crystals of potassium nitrate. Warm this in a fume ciip- 
i:)oard. When tlie reaction has finished, remove all tlie acid by 
repeated rinsing with water. Then mount some of the tissue anti 
tt'ase it, out. Identify, dra’iw and describe as many different 
examples of conducting and strengthening elements as you can. 

7. Similarly macerate a small piece of wood of poplar. Look 
es}K3cial]y, in this case, for some examples of vessels with bordered 
pits. ^ Examine the detailed structure of a bordered pit and make 
drawings to show the structure. 
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CHAPTER VL 


FOOD OF LIVING THINGS AND SOME OF ITS 
BY-PRODUCTS 

All living things must have an ample supply of food if they are 
to remain healthy. If they get an inadequate supply of food 
they soon show signs of malnutrition and become very un- 
healtliy. They also become more susceptible to disease ; for an 
under-fed organism is much less resistant to disease than a well- 
fed one. ^lany plants and animals store excess food as a pre- 
(?aution against adverse circumstances. 

Strange though it may seem, in general, the food of plants and 
animals is the same. That is why, for example, many animals 
feed on plants. 

Food-stuiTs may be classified into five great groups : water, 
mineral salts, carbohydrates, proteins, and fats. 

Water 

All plants and animals require water. We know this already, 
for water is the chief constituent of protoplasm. Apart from this 
eoiinexioiL liowever, water is very essential, for various purposes, 
l\Iany plants, for example, have to transport their manu- 
factured food-stuifs from one place in their bodies to another, 
and it is always carried in solution in water. The transporting of 
hxxl throughout the plant is called translocation (see Chap. XII). 

In the digestion of food, too, w'ater is necessary. Also, aU the 
chemical changes which occur in the living ceU (and there are 
many) do so in solution in water, and many chemical reactions 
in tlie ee‘l! in\' olve molecules of water, 

T1k‘ amount of w^ater required by a plant varies with the 
plant. Tiiat is why some cultivated plants require more water- 
ing than ot hers. A potted plant of heather, for example, should 
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iiul he watered too frequently — perliaps once every few days ; 
whereas a Cineraria should be watered at least once a day. If 
the f;o)niiar F(Jargoninm be watered too much the leaves be- 
(‘uine yellow and the plant sickens and dies. Inman, about sixty 
per (Muit. of his body- weight is made* up of w^ater. In very dry 
seeds tlie water content is very low, whereas that of some sea- 
weeds is as much as eighty per cent. 

Water is continually being lost by the plant and animal. In 
the latter, this takes place chiefly through the urine, lungs, sweat 
and excreta ; and in the former, it is given off into the air as 



Fig. 93. Section op a Portion op the Leap op 
Mesembrnanthemum. 

One of the outer cells haB become very much enlarged, 
for water storage. 

water vapour through the leaves (see Chap. XII). This w^ater has 
to he replaced by absorption from the soil through the roots. 

In some extreme cases, water is stored in special storage ceils. 
These cells often take the form of enlarged hairs on the outer 
layers of the leaf, as in the case of the ice plant (3Iese)nbr?j- 
anthimum). This plant is familiar in rockeries, and the water- 
storage hairs on the leaf glitter and make the plant look as if it 
is covered with a layer of ice. Hence its popular name (Fig. 93). 

Some plants, such as lichens, can withstand desiccation for a 
long time. 

Submerged plants, such as Chlamydomonas and seaweeds, 
absorb their water supplies all over their surface. Partly sub- 
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nierL^ed ]>larits, such as sedges and water-lilies, absorb it by means 
of tlieir roots and also those parts of the stem and leaf petioles 
\v!iieh are under the wateu'. Terrestrial plants absorb their water 
from the soil through their roots ; and in the case of aerial 
])lants, the water is condensed on the aerial roots and absorbed 
in tliat.way. ; 

Mineral Salts 

Until comparatively recently it was not realised how important 
certain inorganic mineral substances are to life. We ourselves, 
for example, must have some inorganic substances, such as 
sodium, iron, calcium and phosphorus salts. Common salt and 
iron are in tiie blood, phosphorus in the brain and nerves, and 
calcium in the bone. 

Plants require many elements for their foods also. Hydrogen 
and oxygen are obtained from the water. Carbon is absorbed 
from the air (see Chap. XI). All the rest are obtained from the 
soil. Nitrogen, for example, is required in all types of proteins. 
Fhos])iiorus and sulphur are required for certain proteins ; mag- 
nesium is one of the elements present in chlorophyll. Iron, 
calciun), |)otassitim and certain other elements too are necessary 
to a {>lant. 

All tiiese elements, together with others, with the exception of 
hydrogen, oxygen and carbon, are absorbed in chemical com- 
pounds from the soil. The chemical compounds pass into the 
root, dissolved in tlie water. In the case of submerged plants, 
there is sufficient quantity of the compounds in the sea- or fresh- 
water (whatever the case may be) for the plant, and they are 
absorbed in the dissolved state all over the surface of the 
|)lant. 

There are many more chemical substances in the water than 
the plant requires, and it is astonishing how the plant can select 
what it wants and reject what it does not want. For example, in 
sea-water there is a high percentage of common salt (about 
2' 7 ]»er cent.) but an infinitesimal amount of iodine. Yet brown 
seaweeds absorb a much greater ratio of iodine. For this reason, 
tlie brown seaweeds are used, to a considerable extent, as a 
commercial source of iodine. 
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locli!ic‘ was first extracted, from seaweeds in,, 1812 . The sea- 
weefls are collected and dried in the sun and then placed in 
shallow pits and burned. The ash is called kelp, and from this 
kelp, iodine and other salts are' extracted. A new method of 
iodine from seaweeds inTolres placing the seaweeds in 
tanks mitii they rot. Then the liquid formed is evaporated. The 
residue is rich in iodine salts and potash salts. The remaining 
solid material can be used for paper-making, since it is composed 
eliiel!,y of cellulose. 

Chemical analysis of plants is the chief way in which the 
necessary elements are discovered. The usual way to analyse 
plants chemically is to obtain the plant ash. A large number of 
plants are required, for the amount of ash from one plant is 
very small. Tim plants are spread in a large room, where they 
are allowed to vnlt and die, until they become quite brittle. 
Tlien they are powdered, usually by passing through a sieve, 
and the plant powder is heated in a crucible until all the 
volatile material is driven oS. In this way all the carbon, 
hydrogen, oxygen and much of the nitrogen are driven off and 
the rest of the elements remain. These are analysed by the 
usual chemical methods. 

Cultures and Manures 

The reasons for the necessity of these elements to the plant are 
studied by means of cultures. The most reliable method is that 
of soil culture. This method has many varieties. By far the best 
is that carried out in the field, and this is done in many research 
stations, such as Eothamsted Experimental Station in Hertford- 
•shire. 

Nearly all civilised countries throughout the world support 
experimental stations, situated in suitable surroundings, where 
problems concerning plants, such as cultivation, manuring, 
diseases, storage, breeding and transport, are studied by experts. 
The great merit of such stations is that the studies can take 
place in the field, that is, under natural conditions instead of the 
artificial conditions of the laboratory. 

Siicli widespread experimental study of plants, as a national 
necessity, is only of comparatively recent origin. Rothamsted 
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Ex]>enriH‘ntal Station, for exampie, was founded by Sir J. B, 
Lawes as the outcome of experiments begun in 1834. These 
took the form of attempts in the field to discover the effects of 
various substances or fertilisers on plant growth by adding them 
to tf le soil But Lawes \s most important work was on what is now 
called superphosphate, an artificial manure obtained by treating 
calcium phosphate with siiipliuric acid. He patented this process 
in 1842, and tliiis initiated the artificial manure industiy. The 
pliospliate used to-day, for treatment with sulphuric acid in 
order to produce superphosphate, is ground rock phosphate. 



Growii Grown witii manure 

witisout siuiplying phospliates 
manure. and potash. 


Grown with manure 
supplying phosphates, 
potash and nitrates. 


Fig. 94. Tuunips grown on Adjacent Plots of Land. 
(ii// ki)id perm ins urn of the Royal Agricultural Society of Englami.) 


X(‘arly half a million tons of this substance is imported into 
( h*(‘al .Britain annually for the purpose, Lawes’s work led to the 
cstaiilishment in 1843 of a factory for producing artificial 
fmtilism’s for crops. Now, artificial manures are used all over the 
world. Some results of testing the effects of artificial manures, 
in field experiments, are shown in Figs. 94 and 95. 

Kotluimsted Experimental Station is now directed by Sir John 
Bussell, who has under his supervision a large staff of botanical, 
chemical and agricultural experts who are busy attacking many 
of the serious problems in plant cultivation. 

Instead of field experiments, another variety of the soil culture 
method is to grow plants in pots. This method may be used for 
discovei-iag what elements are necessary to plants. It would be 



Fig. 95. EB.stii.Ts op st)ppi,yino Swede Tdbnips with vahiovs Mandees. 
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hopeless, of course, to put ordinary soil in the pots, for such soil 
already contains the necessary elements. A sterile soil is neces- 
sary, to which the elements may be added afterwards in con- 
trolled quantities. A sterile soil can be made of powdered 
carbon or quartz or fine sterilised sand. To this the culture 
solution is added. 

The second method of approaching the problem is more con- 
venient in the laboratory. It is called the water culture method. 
Many plants can grow quite successfully with their roots immersed 
in w^ater instead of the soil. The water must, however, contain 
dissolved air. For experimental purposes, a good plant to use is 
the broad bean (Vicia Faba). Details for performing culture 
experiments will be found at the end of the chapter. In these 
experiments, instead of putting pure water in the vessel, a 
solution of all the elements necessary to a plant if it should 
grow healthily is used. There are several prescriptions for a 
culture solution. One of the first proposed was that of Knop. 
This consists of 100 c.c. distilled water, 1 gm. calcium nitrate, 
0*25 gm. magnesium sulphate, 0*25 gm. acid potassium 
phosphate, 0*25 gm. potassium nitrate and a few drops of 
ferric chloride. This solution therefore, besides containing 
the elements hydrogen and oxygen of the w^ater, contains 
calcium, nitrogen, magnesium, sulphur, potassium, phosphorus, 
iron and chlorine. 

A plant grown in distilled water does not last long, as experi- 
ment show^s. One grown in this culture solution, how^ever, grows 
and remains healthy. This proves that the above elements are 
necessary to a plant. The experiment can be carried still further 
to see what is the effect of the absence of any of these elements. 
For example, if instead of magnesium sulphate, magnesium 
chloride is substituted, the element sulphur is eliminated from 
the solution. Varieties of this experiment give some interesting 
information. For example, if potassium be omitted the plant 
becomes dwarfed and cannot resist disease ; the omission of 
calcium allows the plant to be easily poisoned ; and that of iron 
prevents the plant from becoming green. This last case, that of 
the prevention of chlorophyll manufacture, is called chlorosis and 
the plant is said to be chlorotic. 
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The plienornenon of chlorosis due to the absence of iron from 
th<‘ nutrient salts is very interesting, for from such an observa- 
tion one would naturally conclude that iron is therefore present 
as fine of the elements in chlorophyll itself. Actually this is not 

the case. 

Some plants require more of certain elements than others do, 
and some soils contain more of such elements than other soils do. 
That is one of the reasons why one soil is good for one crop and 
anotlier soil is good for another crop. Some results of culture 
experiments in pots (sand culture) and glass vessels (water 
culture) are illustrated in Figs. 96 and 97. 

Natural Manures 

Another problem arises in connexion with this considera- 
tion ; that is, the problem of leaching in the soil. By the process 
of leaching, elements in the soil become reduced in quantity, 
either !)y being dissolved out by rain w^ater, or by the action of 
tiie acids present in tlie soil, or by the plants themselves absorb- 
ing tliem. 

The question therefore is : how are the elements to be pre- 
vented from being leached out too much, and how are they to 
be replaced ^ In naturally occurring plant regions, such as 
meadows and forests, this is done by the plants themselves 
and also animals. When. these living things die, their remains 
act as a natural manure, which is called humus. This is 
acted u|>ou eliemically (see Chap. VIII) and reduced to the 
original chemical compoimds, which are washed back into 
the soil by the rain. 

In agricultural and horticultural cultivation this is not the 
ease, since the plants are removed from the soil for use. In this 
ease, the elements are replaced by manuring. Natural manure 
such as leaf mould or animal dung is added to the soil, either by 
being placed on the soil surface and left to be washed in by the 
rain or by actual digging into the soil. Sometimes, however, 
this method does not supply enough of the necessary chemicals, 
and then artificial manures or fertilisers are used. These arti- 
ficial fertilisers were first used extensively by Lawes. Artificial 
manures which contain nitrogen, phosphorus and potassium are 








list’d to a great extent in modem farming and gardening. The 
best -known niti’ogenons fertilisers are Chile saltpetre and 
anuHoninm sulphate, the latter being obtained from gasworks 



' 1 ! iL 


Fro. 97. Water Cultures of Field Peas. 


b distilled water ; 2, tap water j 3* Knop’s solution ; 
4, Knop a solution without nitrogen ; 5, Knop’s solution 
without phosphorus ; 6, Knop s solution without potassium ; 
7, Knop's solution without calcium; 8, Knop’s solution 
without magnesium; 9, Knops solution without iron; 
10, Knop 8 solution without sulphur. 

(After X>ug^a,r.) 
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or manufactured by a process in which nitrogen from the air is 
!ieat(Mi under pressure with hydrogen, so that the two elements 
cMuubine together. This manufacture of fertiliser from atmos- 
pherics nitrogen is carried out on a large scale at the works of the 
Impeiial Gliemical Industries, Ltd., at Billingham, Durham. 

In spite of the great advantages of artificial manure in crop 
production, natural manure, such as farmyard manure, is much 







Fifj. i)s. KuaiT-YuAu-OLD Whitesmith GoosEiiEimv Plants. 

Oh t]i(‘ right, not manured in year of planting ; on the left, 
ifumured with farmyard manure in year of planting. The 
heale is in feet. 

(Photo. East Mailing Researeh Station.) 

more successful in almost all types of plant production. The 
effect of ordinary farmyard manure on a gooseberr}" plant is 
shown in Fig. 98. The superiority of farmyard manure over 
artificial manure was j^roved by extensive field experiments at 
Rothamsted Experimental Station and is illustrated graphically 
in Fig. 99. 

Sometimes soils are too acid. This is counteracted by adding 
lime. 


1.22 
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Of intei*est in connexion with the extensive manufacture and 
os(^ artificial fertilisers is the d%dng-out of the starfish industry 
around the estuary of the Thames. Until recently, starfish were 
colfecte*.i hy the ton in the Thames estuary for two reasons ; 

this animal was a nuisance to the oyster industry which 
flourishes in that region, since the starfish preys on the 
oyster : and secondly, the starfish was sold to the farmers 
of north Kent and south Essex and placed in the soil as a 
manure. Now the industry has almost disappeared for two 
reasons : first, the use of artificial (chemical) manures instead ; 
and secondly, the starfish are not present in the estuary to 



j\fanured with complete artificial manures and with farm- 
yard manures reBpectively. These are compared with the 
avorace yield for the whole country between the dates indi- 
cati'd. 

{Fmn “ Nature,'' after Sir John JRmsell.} 

anywhei’e near such an extent since they have been driven 
further out to sea by the pollution of the River Thames, chiefly 
by shipping. 

Rotation of Crops 

Since some plants require more of certain elements than others, 
it would seem advisal^le never to grow the same kind of plant on 
the same soil in two consecutive seasons. In the second season, 
another type of crop should be planted, and in the third another, 
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aiici so on. Such a changing round of crops is known as the 
rotation of crops, and has been practised in agriculture since 
before Roman times. Although it is not used quite so much 
in gardening practice it would be better if it were. By this 
rotation of crops, one crop is alternated with a ^ recuperative ’ 
crop. In one season a grain crop is grown, and in the next 
a root crop. 

What is called the ‘ four-course system ’ is still used extensively 
in agrieultiire. In this system, the rotation is wheat one year, 
then roots (such as swedes) in the next, then barley and then 
clover. The last-named is often used for a special purpose, as will 
be. seen in Chap. VIII. 

Carbohydrates 

Carbohydrates are common constituents both of plants and 
animals. They are useful to animals in that they are more 
easily digested, tliat is, they are more easily made soluble and 
thus ready for absorption into the system than proteins and 
fats are. They are therefore prescribed for people suffering from 
weak digestion. 

The name carbohydrate was given in the first place because 
it was discovered that these substances contain the elements 
carbon, hydrogen and oxygen, the last two being present in the 
same proportion as they are in water, that is, two parts by 
volume of hydrogen to one part of oxygen. We now know, how- 
ever, tliat this name is erroneous, for there are some carbo- 
hydrates in which the elements do not conform to this propor- 
tion. Nevertheless, the name still holds. 

Car!)ohydrates, besides being an essential constituent of 
protoplasm, exist as food reserves such as sugars, starches, and 
also in the plant cell- wall as ceiiulose. In animals, they seldom 
exist oth(‘r than in the cell protoplasm. 

(.,'arbol)\xlrates may be roughly classified into two groups, 
nameh% sugars and non-sugars. All of them have high mole- 
cular weights, but those of the non-sugars are much higher than 
those of the sugars. Sugars are usually sweet to the taste and 
are soluble in water, whereas the non-sugars are not. 
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Sugars 

Sugars are very cominon in plant and animal tissues. For 
our purpose, the consideration of one or two will be sufficient ; 
luit it must lie realised that there is quite a large number 
of tlieiii. ■ 

One of the simplest sugars is glucose. It is a brownish crystal- 
line substance with the formula CgHigOe. It is present as a food 
reserve in tlie fruit of the grape (hence its common name, grape- 
sugar), the onion bulb and onion seed and various leaves and roots 
of many plants. It is usually present in these cases in solution in 
the cell- sap of the vacuole. 

Commercially, this sugar is of some importance, though its 
sweetness is only about two- thirds that of the ordinary cane- 
sugar, used in cooking and at the table. It is used for sweetening 
the cheaper brands of jam and beer and, in the United States 
es|>eeialiy. it is used in ice-cream, chewing-gum and condensed 
milk. 

In tlie grape, glucose plays a very important role commercially. 
As we sliall see in Chap. XIII, some sugars can undergo the 
proce>ss of fermentation whereby they are converted into alcohol 
and carbon dioxide according to the equation 

QHi + 2COo 

migar alcohol carbon dioxide 

In the ri})e fruit of the grape, gi’own in warm countries such as 
France, the sugar content ranges from 25 to 35 per cent. By 
fermentation this is converted into alcohol during the process of 
wine-making. 

Ciucose is also present in the human blood. When a person 
suffers from tlie disease called sugar diabetes, there is excess of 
this sugar which is given off in the urine. The disease can be 
diagnosed by testing the urine. By medical men, this sugar is 
called ■ diabetic sugar.’ 

A much more familiar sugar is cane-sugar or sucrose. It has 
the formula CjoH^^Oii. This sugar is very common in nearly ail 
the organs of plants, especially the leaves. It is present in vary- 
ing amounts, but in some plants the percentage is high enough to 
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make it worthy of extraction. In the sugar-cane (Saccharum 
officinafum), a plant grown for the purpose in tropical lands 
{Fig. 100 ), the sucrose content of the stem is about 20 per cent. 
In the root of the sugar-beet {Beta vulgaris var. Rapa) it is 10 
to 20 per cent, and it is also high in the birch {Betula) and maple 
{Acer saccharum). Sucrose and glucose are present together in 
many so-called ‘ fruits.’ There is raore sucrose than glucose in 


Fia. 100. CCTTINO SuoAB Canes in Jamaica. 


{From the Collection, Royal BrAanic Gardens, Sew, by permission of the Director.) 


the pineapple, strawberry and apricot ; but the reverse is the 
case in the banana and the apple. 

The sugar-cane is grown from cuttings. In the American and 
West Indian plantations the cuttings are planted in October, and 
after 20 to 24 months the first crop is taken ; two years after, a 
second crop is ready. Then, in accordance with the rotation of 
crops, maize is usually sown. After the canes are cut they are 
transferred to the mills, where the juice is extracted by passing 
them through rollers. The juice is boiled with milk of lime in 
order to neutralise any acids present, and then it is treated with 
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s!il|'»hiir clk^xklc. The liquid- is then allowed to concentrate by 
nnd the erxxstals produced form brown sugar. The 
white Migiir is obtained by a process of re-fining. 

\Viic‘ii t ! h‘ beet is used, the sugar is dissolwed out of the root by 
slicing it Jind immersing the slices in water. Sugar-beet is now 
eiiltivAtiel in certain parts of Great Britain, and, for . various 
econoniie reasons, the industry is given a subsidy by, the State 
in order to cmcoiirage its development. • 

Tlie residue left after the majority of the sugar has crystallised 
out of t lie sugar-cane is called treacle or molasses, which forms -an 
article of diet. It is also used in the making of rum, cattle 'food 
and boot blacking. In the case of the sugar-cane, the pressed 
.;a.n(*> art* used for fuel, and in the case of the beet, a b^^-product 
calleti spent char 'which is used as a fertiliser. 

Twt.) Arneiican scientific workers have found that if about 
{) [K>rt‘cnt of caiie-sogar be added to ordinary lime-sand mortar, 
tlio tensile strength of the mortar is increased by 60 per cent. 
The >uga!' is added dissolved in w^ater after the lime has been 
slakiHl . With sugar at a low price, this discovery should have some 
praeUf/il value. 

Th(‘ siigar-eane is now responsible for about 65 per cent, of the 
worlti s <u|>ply of sugar, and the sugar-beet for 35 per cent. On 
theaverage, 27 million metric tons are produced annually through- 
out tlie world. The most- important sugar-cane countries are 
(uiba ( 1 s ])er cent, of the world’s supply), India (12 per cent.) and 
Java I to |)cr cent.); whereas the sugar-beet countries are 
Gimnany (fr7 per ce,nt.), U.S.S.R. (4*5 per cent.) and Czecho- 
slovakia {4*5 per cent.). 

Non-Sugars 

Non-sijgars are characterised by their high molecular weight 
and insolubility in water. Starch and cellulose are two very 
common ones in plants and they are both of commercial import- 
ance. There are several other nomsugars. 

Starch is insoluble in water and therefore cannot exist in solu- 
tion in the cell-sap like the stigars do. The chemical formula for 
starch is still very uncertain. Its empirical formula is 
but we can only say that the molecular formula is ^^(CgHioOs), 
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w1ieri‘ n is still unis nowii. We know it is a high number, probably 
alioiit -In. so that the moieciilar 'weight is very high. 

St are! I is present in leaves, stems, roots and storage organs 
sueh as the potato tuber and tulip bulb. Some plants, such as 
the <j!iion and the bluebell, however, do not contain starch, but 
ef>iitain a great deal of sugar. 

Starcdi takes tlie form of microscopic grains in the plant, em- 
I >e(lded in the ceil cytoplasm. These grains var}- considerably in 
>liape, so much so that from a microscopic examination of them 
it is oftcTi possible to say from which plant they have been 
extracted. They vary in size too, from about 0*002 mm. to 
0*17 mm,, in diameter. 

Starch grains are not merely homogeneous masses. They are 
formed of several layers or stratifications, thick, dense layers 
alternating with thin, less dense ones. The centre around which 
tliese layers are deposited is called the hiium. Sometimes two 
starch grains begin development near each other, then as the 
siic€essi\‘e layers are deposited the growing grains touch each 
other and tlie succeeding layers are deposited around both grains, 
tlios forniing a compound starcli grain with two hila. Some- 
times tliere are three or e\"en four hila. The normal grain with 
only one hiium is called a simple starch grain (Fig. 101). 

Starch as a commercial product is very important. Physically 
it is a colloid, and for that reason it is used in making pastes, for 
the glutinous nature of pastes and gums depends upon their 
colloidal properties. In laundry work, starch is used for stiffen- 
ing materials such as cuffs, collars, serviettes and dress-shii’t 
fronts. 

Tlie most important economic use of starch, however, is 
tlie same as in the plant, that is, as a food. It is the funda- 
mental food present in many articles of diet such as the potato 
tulier, artichoke tuber, flour (with proteins), haricot beans (with 
proteins), peas (with proteins), arrowroot, sago, tapioca. 

Arrowroot is a product of the rhizome of 3Iaranta arundinacea, 
a plant grown in the tropics, especially in Brazil, Guiana and the 
West Indies (Fig. 102). Starch is present in the rhizome to the 
extent of 25 per cent. The product was once used by the South 
American Indians as an antidote for wounds made by poisoned 
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arrows: luaiee Uie name. The rhizoine>s are peeled ancl 
The btareii is extracted by washing and then drying the extract. 






OAT (compound) 




RICE (compound) 


SACO 

Fic. 101. Types op Starch Gbaiis*s. 


It is an easily digested food, and is therefore used by patients 
with digestive trouble. It is also used for thickening soups. 
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Fro. 102. Arrowkoot Plants showing the Bhijzomes. 
(From the Culleetian, IUh/uI Botttnie Gardens, Keu\ by permiuion of the Mredor,) 


are extreriiely Hmail and misshapen. Eice starch is used exten- 
sively in laundry work. 100 ib. of rice yields 85 ib. of dried 
starch— the liighest percentage known. Sago is a starchy pre- 
paration made from tlie pith of the sago palm. Here the grains 
are similar to those of the potato, but have very obvious fissures 
on their surfaces. Tapioca grains are small and are extracted 
from the root tubers of the cassava plants {Manihot utilmima) 
which are cultivated in the tropics. Careful washing is necessary 


Starches from many other plants are now.' used . for making 
so-called arrowroot. 

3laiz<‘ grains are comparatively small. They are used in the 
manufaeture of cornflour. Potato starch grains are ovoid in 
shape and larger than the maize grains. Iii extraction, 100 lb. of 
potatoes yield about 16 lb. of dry starch. Rice starch grains 
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in tlic <•««' of lapioca since the plants contain a slight trace of 
pru"ic acid (H(’N), which is a strong poison (Fig. 103). 

VV licat sta rch Is smaller and the grains are not so well shaped as 


tho.se of jiotato .starch. The grains of wheat are ground into 
flour by the miller and the flour is used for several purposes, the 



Fia. Cassava .Plant showing the Root Tcbers. 

{Fram tht> VoUectifm, Royal Botanie OanknSt KeWy by permisBion of the Director,) 

chief of which is baking* Flour is highly nutritious, for it con- 
tains not only starch but also protein. There is about four times 
as much starch as protein. 

Starch and protein are the main constituents of the food 
reserves of many cereals such as wheat, barley, oats, rye, maize 
and rice. These cereals have formed articles of diet for man and 
animals for many centuries, both in civilised communities and 
amongst savages. Other food-stuffs which have become fashion- 
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al)ic‘ ill niori' ri‘<‘ent times also contain Btarch and protein, such 
as macaroni, vermicelli and spaghetti. , These foods are made 
from Hour obtained from a special kind of wheat, which wail be 
{‘onsicicred lab-r in this chapter. 

Gums are very complicated carbolwdrates, chemically. Some 
gums will dissolve in w’ater to form adhesive substances. Others 
will not dissolve but will absorb water and form a jelly. Gum 
arabic is obtained from a plant Senegal) which grows in 

tlie Sudan and is used in finishing silks and other textiles, in 
the making of wall-paper, the preparation of water colours, and 
a host of otlier processes. Gum tragacanth is extracted from 
certain plants (Astragalus) wdiich are cultivated in Greece 
and Turkey and is used in the thickening of colours used 
ill calico printing, in medicine as a vehicle for certain in- 
soluble |)owders, and in the pottery trade as a colour adhesive. 
Chewing-gum is obtained from a plant, ackras, which 

grows in tropical America. It is sw^eetened by the addition 
of glucose and flavoured by different essences, such as that 
of mint. 

Cellulose and its related substances are of great importance to 
the plant, and also economically to man. It is not a very impor- 
tant food reserve in plants. Nevertheless, in some cases it does 
form an important food reserve. The purest cellulose is present 
in the cell-wall of the plant. The normally unthickened cell- 
w'all contains a very high percentage of cellulose ; therefore 
some plants store their food merely by producing very thick 
eeil-w'alls in the food-storing tissue, which is usually the seed 
in such cases. This is so in the date palm and several other 
plants (Fig. 104). 

Cellulose is chemically a carbohydrate, but, like starch, its 
exact composition is at present unknown. All that can be said at 
jiresent is that it has a formula nlCgHioOg), where n is unknown. 
In 1934 it w’as estimated that the molecular weight of native 
cellulase is about 300,000. Therefore the molecule is a very 
large one. 

The cotton plant (Goasypium) is the chief source of cotton in 
industry. The uses of cotton are so w^ell known that they scarcely 
need consideration now. Cotton is composed chiefly of cellulose 
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whirii is present in the cell- walls of certain very long cells which 
gro\s nn the see<ls of the plant, forming a very hairy covering 
(Fijrs* 105 and lUO). 

At)r>nt per cent, of the world’s 4 Jotton is produced in the 
United States, 18 per cent, iii'Indit 6 per cent, in Egypt. 



Fra. 1(4. Cbills of the Seed of Im'pafiem Bahmmnai 
WITH Cell-walls thickened with Cellulose -a's a 
Food R£iserve. - , . ’ . ' 


Cotton has been knoTO from time immemorial and was in use in 
India so far back as 1500 B.c. (Mg. 107). 

The cotton plant requires a warm, damp atmosphere and 
plenty of rain during the young stages of its growth. By a pro- 
cess of irrigation the young plants are absolutely flooded, and 
later this water is drained off. In the actual manufacture of the 
cotton textile, a very humid atmosphere is required and a not too 
high temperature. This is to prevent the slender cotton threads 
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from lireakio^^ cluri«|4 the process. Thatis why Lancashire is soch 
a K 1 < '1 a ! on - m ai m fae tii rinir centre. Nowadays? the atmosphere 

of the rtfonis of the cotton mills in which the iooms are working 
k<‘pt humid either by Hooding the floors with water or by intro- 
t iiH ii jg stt^ani into the atmosphere through jets. Sometimes both 
methods are used, but tlie latter is the more modern method. 


Fra. 105. Flowers the Cotton Plant. 

Tr the bottom right-hand corner is a pod with its hairy 
seeds exposed. 

Apart from almost pure cellulose there are many very impure 
ty|)es called compound cellulose. These are of great importance 
to the plant. Compound cellulose is composed of cellulose to- 
gether* wit !) ot her chemicals which are not carbohydrates. W ood, 
for example, is formed of cellulose united with a substance called 
lignin and also other substances. This forms the basis of the 
structure of vessels, tracheids, fibres and stone cells. Wood is 
iLsed for many purposes. The woody fibres of the jute plant 
(Carckoru-s), which grows chiefly in and around India, are used 
in the manufacture of carpets, tapestries and ropes. Straw is 
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forinefl from the flriecl stems of cereals and composed chiefly of 
]>or<‘ and compound celluloses. Large masvses of woody tissue, 
imed as titnber, have already been considered. 

Apart from the fimdameiitally important and weli-knowm uses 
of cellulose and compound celluloses, these carbohydrates, when 
treated in various ways, have many other industriai uses. 
Cellulose is the chief raw material in paper-maMng. Paper is 
made either from cotton waste (rags) or from wood pulp— 
chiefly the latter nowadays. In the latter case, the lignin is re- 



Fio. 106, A Single Hair of the Cotton Seed, which 

FORMS THE RaW MATERIAL FOR THE MANUFACTURE OF 

Cotton. Note ho%v the Hair twists. ( x 300.) 


moved first by treating the pulp with carbon disulphide, thus 
leaving the comparatively pure cellulose behind. 

Some incandescent lamp mantles and electric lamp filaments 
are prepared by treating cellulose with zinc chloride. The syrup 
is forced through glass nozzles into alcohol and then afterwards 
wsLshed and carbonised. 

Cotton waste, when treated with one part of nitric acid to three 
parts of sulphuric acid and the resulting mass dried, forms the 
explosive called gun cotton. 

Blasting gelatine, used in blasting operations, is a mixture of 
gun cotton and nitroglycerine. 
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Fr<i. I(>7. A 0)Ti’<)N Plantation in the Sudan. 
(Iiepr^>llumi hp kind pemiissim of the Controller of HJT. hitathnery Office,) 


Proteins 

Proteins are the most important constituents of protoplasm. 
The term ‘ protein ’ comprises a large variety of substances 
oceuiTing in the plant and animal kingdoms. There is quite a 
high peretmtage'of proteins in milk. The ' white ’ of an egg is 
composed mainly of protein and water, the chief protein being 
called albumin. The lean part of meat is composed chiefly of 
different proteins ; so also is the flesh of fish. 

In plants, proteins occur either as solids or in the colloidal 
condition in the cell-sap. Apart from the proteins which form 
the main part of protoplasm, these food-stuffs are often present 


(Vlhilose Is also used in the manufacture of india-rubber, 
celluloid, artificial silks, viscose (a substance used in sizing 
paper and in tlie manufa<*ture of wall-paper), viscoid (used 
in the niannfacaure of cheap mouldings and statues), cellu- 
lose acetate (for dressing the fabric of aeroplane vings and 
for dress material known as rayon), cellite (for the manu- 
facture of non-flammable cinematograph films) and water-proof 
(Wiilesden) paper. 
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as reserves in almost any part of a plant, especially in seeds and 
vegetative organs of reproduction such as the potato tuber. In 
this organ, the reserve proteins are present chiefly in those 
] parenchymatous cells immediately beneath the epidermis or 
skin. That is why potatoes which are cooked in their ‘ jackets ’ 
are more nourishing than potatoes which have been peeled. 

Solid proteins are sometimes amorphous and sometimes 
crystalline. A very special kind of protein reserve is present in 
the seed of the castor- oil plant (Ricinus communis) and in other 
seeds. In this case, several proteins unite to form an ovoid 
structure called an aleurone grain (Fig. 108 ), Under the micro- 




Fio. 108 . Left, Aleurone Brains in a Cell from the 
Seed of the Castor Die Plant ( x 550 ) ; Right, a single 
Aleurone Grain ( x 1 , 800 ). 

scope, this structure appears as an egg-shaped matrix in which, is 
embedded two smaller structures. One of these forms a crystal 
shai)e. This is composed of protein and is called the crystalloid. 
(This term must not be confused with the term which w'e have 
already used in contradistinction to the term colloid). The other 
structure within the matrix of the aleurone grain is spherical 
in shape and is therefore called the globoid. This is not a protein, 
but is composed of the double phosphate of calcium and mag- 
nesium. The matrix in which the crystalloid and the globoid 
are embedded is composed of protein which is different from the 
protein of the crystalloid in that it is chemically much simpler. 
Surrounding the whole aleurone grain is a thin skin which is 
formed of a different protein again. 
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In the fiotato, the proteins are chiefly solid, forming cubical 
crystals. ■ - ■ 

Proteins are very common in cereals, especially the grains, 
such ti> maize and wheat : hence flour is composed chiefly of 
protein jo h 1 ^.tarch. Proteins also form the chief food resert-^e in 
pea and hean seeds, 

AH proteins contain the elements- carbon, hydrogen, oxygen 
and nitrogen, and many types also.contain phosphprtis or sulphur. 

■ .Proteins f o.rm. a very common article of :diet-. They are present , 
in a very iiigii percentage in lean -meat, milk, eggs., .and, of course, 
many vegetables. Flour cont-a.ins differ-, . .. 
ent proteins, the chief of which is ( , - \ 

gliadin; tiierefore such manufactured 

foods as macaroni, vermicelli and. 'spa- - : -. \ 

ghetti have a high protein content, I 

since these foods are mamifactured J 

from flour. For these products a certain 
tvpeofwheatisgrown,chieflyinMedi- 
terraneaiH.M)in;jtries. The flour obtained q 
from this wheat is milled to a medium ^ 
thickness, mixed with boiling water, Kg ^ '^ '^****' 

, , j j , j I rn • ia 5M% carfco/jydrate 

ami kneaded to a doiigti. ihcre is a ^ 

high pereimtage of gluten (a protein) in 

tins special flour and this makes the 

dougii very stiff. The dough is then J! r> 

transterred to a large ])ress and forced taqe Composition of a 

tlirough openings of tlie reipiired size. Poaf of Bread. 

At'cording to the sizc.^ and sliapc of these Mottram a?id iiutvinson.) 

orifices, so we get macaroni, vermiccflli, or spaghetti. The pro- 
ducts are tlum <iried in special drying rooms and are used as an 
ai'tiele of diet, especially by Mediterranean peoples. These foods 
are also eaten by diabetics owing to the large amount of digest- 
ible ghiten which they contain. 


Fats and Oils 

There is no fundamental difference between fats and oils. 
Both names are only general ones, a fat denoting a solid and an 
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f)il fleiiutinix a Hcjuid, under the normal conditions of temperature, 
etti. Apart from this, fats and oils are very similar. 

Ka(‘!i name denotes a group of many substances which, apart 
from ])eing important constituents of living protoplasm, form 
important food reserves in plants and animals. Many animal 
fats are very familiar, and their uses are equally as well known. 

All fats contain the elements carbon, h 3 Mrogen and oxygen, 
but, of course, not in the same proportion as they are in the 
carbohydrates. Fats are formed by the chemical reaction of a 
fatty acdd, of whicii there are about a dozen important ones, with 
the well-known substance glycerine or glycerol, which is actually 
one of the alcohols. 

The specific gravity of all oils and fats is less than that of 
water, and they are all insoluble in it ; but they are soluble in 
chloroform, ether, carbon disulphide and carbon tetrachloride. 
The majority also make a translucent mark on paper. 

Oils are often found as food reserves, usually in parenchy^matous 
cells as suiall droplets suspended either in the cytoplasm or the 
cell -sap. They occur in all types of plants, from the seaweeds 
upwards. In angiosperms, fats and oils are found chiefly in 
B€jeds ; f(.)r example, the Brazil nut, which is really a seed and 
not a nut, contains nearly 70 per cent, and the almond contains 
about per ceirt. 

Oils vary in chemical composition and for that reason they 
have different properties. For the same reason also, oils have all 
kinds of economic uses, such as illumination, lubrication, soap- 
making, foods and so forth. 

Olive oil is extr^icted from the fruit of the olive (Oka europcea). 
The best olive oil is extracted by the mere pressure of the fruit 
and is used as a food, such as a medium in which to preserve other 
foods and also in salad oils and dressings. Inferior olivb oil is 
extracted by dissolving it out in a fat solvent such as carbon 
disulphide, and this oil is used in making certain kinds of soap. 
Cotton-seed oil is extracted, as its name implies, from the seed of 
the cotton plant by pressure at a temperature of about 90*^ C. 
After purification it is used in the manufacture of soap and rubber 
substitutes. Not many years ago, cotton seed was considered a 
waste product and a nuisance. To-day it is a very important 
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aj^nieulturai |)r« h { net . Coco-nut oil is obtained from ripe coco-nut 
• fruit iCof'(hs /NiC’ifi.ra) (see Chap. XIX). Soap made from this oil 
is useful l>eeause it is one of the very few soaps w^hich can absorb 
larirt^ q uaiitit ies of salt water. It is therefore useful for washing 
in sea-water. 

Palm oil is extracted from the fruit of one of the tropical palms 
lEIa^ is ffHimtnsis) and has the consistency of lard. It is used 
in the manufacture of margarine. Eape oil is obtained from the 
seeds of Brassica mpa and is sometimes used as an illuminant. 
By heating it to 7(C C. and drawing a current of air ox^er it, the 
so-ealled ' Idown oil ’ is produced. This will mix with mineral 
oils such as paraffin, and the mixture is used for the lubrication 
of marine engines. Linseed oil is obtained by pressure from the 
seeds of the flax plant {Lmum usitatissmimi). The residue left 
after pressure forms the well-known oil-cake which is used as 
cattle food. Linseed oil, and also walnut oil and poppy-seed oil, 
are used in oil paints. Castor oil is obtained by compressing the 
seeds of the castor- oil plant {Mkims cmmimnis). It is used as a 
medicine, and is also a x^ery xnluable chemical in the dyeing 
industry." 

Soap-making 

Soap-making is an important industry. In Great Britain it 
is carried on chiefly in Lancashire and London. This industry 
def)ends on plant and animal fats as one of its raw materials. 
The fat or oil is l)oi]ed with caustic soda, during wdiich the 
prcxjess of saponification takes place. Then the mixture is 
saturated xvitii common salt and, since the soap will not dissolve 
in salt water, it rises to tiie surface, wffiereas. the glycerol from 
the original fat remains dissolved in the salt solution. For 
hard toilet soaps, the following fats and oils are used : tallow 
fat (obtained from the fat of sheep, especially in Australia and 
New Zealand), palm oil, coco-nut oil, palm-kernel oil, and olive 
oil. Soft soaps are made from hemp-seed oil, cotton-seed oil 
and linseed oil. 

The foregoing brief surx^ey of the various types of substances 
wffiich help to make up the plant body gives an idea of the 
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complicated eiiemical structure of plants. Animals, includ- 
ing ourselves, are built up of similar substances (in many cases, * 
the some), therefore they too are extremely complicated 
organisms. 

By consuming’ plants, animals . absorb these food-stuf!s. 
Therefore, the ,foo4 or dietetic,.' Talue of plants depends on 
(a) their own eliemical composition and (b) what the animal con- 
suming them actually requires. Fig. 109 shows in a diagrammatic 
form the |)ercentage composition of ordinary bread. 

PRACTICAL WORK 

1. 8oak some bean seeds in water for twenty-four hours. Then 
sow them in damp sa\^dust, and keep them well watered. When 
tlicir siio« >ts are just appearing above the surface, carefuily remo\’e 
the young plants, making sure that they are not damaged. Select 
three plants which are equally developed and sow one in a pot of 
saAvdust, another in sand, and another in garden soil. Keep the 
plants well watered and in a suitable place, such as a window or 
greeaihraise. i\lake and keep a record of the growth of tlie plantS; 
and notice which plant develops best. Make drawings at inter- 
vals of several days, and explain the difference in development. 

2. ('house three bean seeds, as nearly as possible, equal in 
weight. Weigh them and record their weight. Cut one of the 
seeds into small pieces and place in a dish. Put the dish in a hot- 
air oven and allow the pieces of bean seed to dry. After several 
hours, take the dish out, allow it to cool, then record tlie weight. 
Then replace the dish in the oven and leave for several hours again. 
Them re-weigh. Continue this until tliere is no further loss in 
weight; thus showing that all the water has been driven oft‘. 
Calculate the difference between the dried bean seed and the 
original. This will give the amount of water originally present 
in the seed. C'alculate the percentage dry weight of the seed from 
this. I'lien transfer the pieces of .seed into a weighed crucible and 
ignite it over a Bunsen burner, to a dull red heat. Continue until 
only ash is left. Then allow to cool and weigh. Do this again, and 
continue to do it until there is no further reduction in weight. 
This then gives the weight of the ash of the seed, and its percentage 
of the dry weight should be calculated. 

Plant one of the other two seeds in sand and the other in soil and 
allow both to grow in favourable conditions. When the plant in the 
sand is beginning to show signs of dying off, carefuily remove it 
from the sand, making sure not to break off any of the roots. Then, 
by means of sheets of blotting paper, remove any extraneous water 
(this will be found ehieffy on the roots). Weigh the plant, then 
obtain its percentage dry w'eight and percentage" ash as before. Do 
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tlie snine will! the plant in the soil when it begins to. shove signs 
nf in- I’afnilate the resiihs in the following manner : 
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Thoroiidhy stn<ly these tabulated results, and vmte an explana- 
tory aceount of them. 

3. Prepare a eiilture solutif>n from Knop’s prescription. Also 
prepare the following solutions : 

(а) Knop's solution, but using ealeium sulphate and potassium 

sulphate iPsteafl of the corresponding nitrate ; thus 
omitting nitrogen from the solution. 

(б) Knop's solution, but omitting potassium phosphate ; thus 

omitting phosphorus. 

(c) Knop's solution, but using the corresponding sodium salts 

instead of the potassium salts mentioned ; thus omitting 
potassium. ' 

(d) Knop's solution, h\it substituting sodium nitrate for ealeiiun 

nitrate; thus omitting ealeium, 

(c) Knop's solution, but su})stituting sodium sulphate for 
magnesium sulpliate ; thus omitting magnesium. 

(/) Kno])'s solution, omitting the ferric chloride ; thus omitting 

(f/) Knop’s solution, but substituting magnesium nitrate for 
magnesium sulphate ; thus omitting sulphur. 

Place some Knop's solution in one jar and some of the other 
solutions if/) to (j/) in other separate jars. ^ Fix some growing bean 

§ laths in each jar, means of a split cork, or cardboard (see 
'ig, 07). Cover the jars with forowm paper to keep the roots of the 
plants in rhe dark. Label the jars and place them in a window or 
gnsenhouse and keep periodic records of the growth of the plants 
and any other observ^ effects, over sev^al weeks. 

Fully describe the eSbets of the absence of these certain ele- 
ments on the growth, etc., of the plants. 
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4. Vvry useful inforniation can be obtained from pot cultures. 
Fill five pots (about 10 inches in diameter) with sand. Then niix 
the f( blowing artificial manures : 

{a) Superpiiosphate, 10 grm. 

Potassium suipliate, 2 grm. 

Sodium nitrate, 4 grm. 

(b) The same, omitting the superphosphate. 

(c) The same, omitting the potassium sulphate. 

(d) The same, omitting the sodium niti’ate. 

To Pot 1 , adding nothing ; to Pot 2, apply about one-third of (a); 
to Pot one-third of (6)’; to Pot 4, one-third of (c) ; to Pot 5, 
one- third of (d). 

Then sow some mustard seeds in all the pots and place in the 
open. See they are well watered. After a few days, add another 
third of the manure mixtures to their respective pots. This is done 
by mixing the manure with a little sand and sprinkling over the 
top and \^’atering. A few days later, add the rest. 

Make a record of, and if possible photograph, the results. 

5. Make a solution of glucose. This substance is obtainable at 
the chemist’s and just a little is required, dissolved in water 
in a test-tube. Then test for glucose by means of TeWing's 
solution. 

This solution is made up in separate parts, Fehling’s solution A 
and Fehling’s solution B. A is prepared by dissolving 34*6 grm. of 
copper sulphate in 500 c.c. of distilled water. B is prepared by 
dissolving 175 grm, of Rochelle salt and 50 grm. of sodium 
hydroxide in 500 c.c. of distilled w'ater. 

To about half a test-tube full of glucose solution add a few drops 
of Fehling’s solution A. Note the blue coloration. Then add a few 
drops of Fehling’s solution B. Note that the blue coloration now 
becomes intensified. 

Then warm the solution gently over a Bunsen burner. Note 
that the colour gradually disappears and a bright red preci- 
pitate of copper oxide is formed. This indicates the presence 
of glucose. 

6. Test various plant organs for glucose. This is done by 
extracting some of the juice from the plant organ to be tested. 
Cut the tissue into fine pieces and then crush the material with a 
pestle and mortar. If little juice is extracted, add a few c.c. of 
water and continue to crush. Then perform Fehling’s test on the 
plant extracts obtained. 

The following are suggested plant materials for this test : various 
typ^ of leaves ; carrot, turnip, dandelion, beet, etc. roots ; 
various stems, potato tubers ; various types of fruit such as 
apple, pear, plum, tomato, prunes, etc. ; seeds ; and so forth. 
M^e a record of the results. 

ji 

7. Perform the Fehiing’s test for sucrose (cane-sugar). Note 
.that there is no reaction to Fehling’s solution in this case. 


343 


FOOD 0,P LIVING THINGS: 


S. "Ij) rt piece of h<*us<?}u)l<I stare!) , add a little iodine solution, 
is s{*arcc4y soiu!)le in water, so the solution is^usually com- 
ptjscd of in aI(*ohol or potassium iodide. Note that the 

iodijje on the stare!) i^ives a deep blue coloration. This is a well- 
know)i reaction of stare!). 

9. Test for stare!) in plant organs, by means of the iodine test. 
Examine certain roots; stems; storage organs such as potato 
tuliers, carrot and parsnip roots, onion and tulip bulbs; apple, 
orantre, l))inana, fruit , etc. Test as many parts of plants as possible. 
In all cases, it will be necessary to add the iodine solution to a cut 
surface. 

In the case of green leaves, to note the coloul reaction, it is best 
to remove the chlorophyll first ; also, for reasons to be discussed 
later on, leaves should be gathered immediately after they have 
been exposed to several hours of daylight. To remove the green 
eoloiir from a leaf, place it for a few minutes in boiling water. 
This kills the ceils, Then immerse the leaf in alcohol in a test-tube. 
Place the test-tube in hot water, but remove the flame. The 
boiling point of alcohol is lower than that of water, so, provided 
the water is hot enough, the alcohol will boil. Note that the boil- 
ing alcohol removes the chlorophyll from the leaf and becomes 
green in consecjuonce. 

When the leaf is white through the loss of its chlorophyll, 
immerse it i)i an iodine solution. If starch is pre^sent in it, it will 
assume a deep !)lue colour. Perform this test on several types of 
leuA’es sueli as those of tulip, Hijdrangca^ onion, elm, hyacinth, e)tc. 
Always use tliin lea\'es. Kecord the names of those leaves which 
contain starch, and those which tfc not, 

10. Examine some starch grains under the microscope. A good 
example is that of the potato tuber. Gut a tuber and take a small 
scraping by means of a knife or scalpel. Enough to cover a pin’s 
head will do. Mount this in water on a slide and examine under 
the high ]iower of the microscope. 15y very careful focusing up 
ami down, it will be possible to see the hilum and layers of strati- 
fication. Look also for compound grains. 

IMako drawings of examples of simple and compound grains. 
Then draw some iodine solution beneath the cover-slip and note 
the deep blue colour reaction. 

Examine and <ira\v other examples of starch grains such as those 
of the bean seed, rice grain, maize gi*ain,,etc. Describe the dif- 
ferences in sliape and size. 

11. Place some cotton wool in a saucer or disk. Pour some 
iodine solution over it and note that it turns yellow. Then drain 
off the extra iodine solution and add some concentrated sulphuric 
acid. The cotton wool now turns a deep blue colour. 

Cotton wool is almost pure cellulose, ayd this colour reaction is 
a good test for cellulose. 

Make a record of these results, and perform a similar test on a 
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dice of' onion Explain why a similar reaction, tllongh not 

go ciear, takes place in this case. 

12. To tlio cut surface of a piece of wood, apply a little colourless 
soluf ion of aniline sulphate or chloride. Note the assura])tion of a 
l>riglit yellow colour. This is a well-known colour reaction for 
wood. Record this result. 

Now cut across the stems of certain herbaceous plants, and 
apply the aniline chloride to the out surfaces. Look for any 
evidence of wood and record its position in the stem. 

13. Prepare a solution of protein by shaking up the white of an 
egg in its own volume of water. Then perform the following 
coioiir tests for proteins, keeping a careful record of the results : 

(а) Biuret reaction. Add a little caustic soda to some protein 

solution in a test-tube. Then add a little copper sulphate 
solution. A violet colour results. 

{h) Millon's remtion. To some of the protein solution add some 
Millon's reagent. The protein is pi'ecipitated and turns 
pink. 

Millon’s reagent is prepared by dissolving some mercury 
in twice its weight of concentrated nitric acid. Heat 
should be applied to accelerate solution, the operation 
being performed in a fume cupboard. When the reaction 
has ceased, dilute the solution with twice its volume of 
distilled \cater. 

(c) Xanthoproteic reaction. iVdd some concentrated nitric acid 
to tile protein solution, A yellowy colour results. To this 
add some ammonia, v#hen the colour is intensified to 
orange. 

Carefully describe tiiese experiments and record the results. 

14. Perform the protein colour tests on various cut tissues of 
plants, such as bean seed, potato tuber, etc. Note and record the 
position of greatest protein concentration. For example, if the 
test is applied to the wdiole cut surface of half a potato tuber, the 
reaction will be greatest just foeneath the skin. 

15. Using a piece of animal fat, perform the following tests, 
recording the results : 

{a) The fat makes a translucent mark on paper. 

(б) It is not soluble in water, but is soluble in ether, petrol and 

acetone. 

(c) If a little solution of osmic acid be applied to it, a black 
coloration results. 

16. Apply the osmic acid test to the cut surface of the castor- 
oil seed. Note the presence of the oil. 

The foregoing tests for carbohydrates, proteins and fats 
should be performed oh as many types of plant tissue as tune wall 
permit. 
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Tht*n .similar tests shoukl be applied to various familiar plant 
artieles of diet, and tliose types of food -stuffs detected and those 
prfv\efl alr-.cnt should !)e recorded. A good example is ordinary 

floor. 

It must be realised that tliese tests are really ver^^ rough ones. 
3iore delicate tests would inx'olve much more time and labour than 
eoiild l:>e spared. Therefore, it will be necessary sometimes to 
earn- out the tests se\'eral times, when they are negative., in order 
to make sure that that food being tested really is absent. 

Field Work 

Fseful tests for manures can be carried out by applying those 
sugcrested for Experiment 4, in various plots in the garden. Un- 
man ured plots and plots with field manure and various mixtures 
of artificial manures (all carefully labelled) could be cultivated, 
using the same type of p)laiit on all plots. 

A visit to any agricultural or horticultural experimental station 
within reach would be well worth while. A courteous application 
to the director of such a station would not meet with a refusal, so 
long as one is prepared to conform to certain necessary rules. If 
a party pays such a visit, no doubt guides would be provided, 
who would add greatly to the interest and value of the visit. 


CHAPTER VII 

AF^SORPTION OF I^IATEEIALS BY THE LIVING CELL 

The structure of a cell, both from the physical and chemical 
points of view, is very complicated. It may be said that the 
cell is a veritable chemical laboratory containing, besides a good 
supply of water, many chemical substances both organic and 
inorganic, namely, carbohydrates, proteins, fats, mineral salts, 
etc. ■ 

The Cell as a busy Laboratory 

This opens up the question : how do all the substances of 
which the cell is composed get into it ? In most cases all 
subsiana.s (inter the cell hi the liquid condition ; never as a gas or 
a solid. The}^ are either in the liquid state themselves or are in 
solution, usually in water. This gives rise to the question : why 
is it solids are present in cells, and how do cells give off and absorb 
gases ? For example, there are solid starch grains in many plant 
cells. It might be suggested that the starch enters in the liquid 
condition and then becomes transformed into the solid state once 
it has entered the cell. But this cannot be the case, for starch 
never exists as a liquid. Then it might be suggested that the 
starch enters dissolved in water: But this is not so, for starch is 
insoluble in water. So there can only be one other suggestion, 
and that is that the starch does not enter as starch at all. It is 
some f>ther substance which, after entering the cell, becomes built 
up chemically into starch. This is the case^and therefore various 
chemical reactions must take place within the cell. 

There are hundreds of such reactions taking place. Chemical 
substances are being built up and others are being broken down 
into simpler substances. The living cell is like a very busy 
chemical laboratory, and it is these chemical reactions which 
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eiiiefly coiistitiite the living processes of a plant andj indeed, of 
an animal. 

Pressure and Permeability 

Many substances will take up water, some very vigorously 
indeed. For example, concentrated sulphuric acid is used in 
desiccators because it will absorb a great deal of water, even when 
the latter is present as water vapour. 

Whatever mechanism is used for forcing water into the absorb- 
ing substance, there must be some pressure behind it. This pres- 
sure, which, of course, varies considerably, is called suction 
pressure. Again, it is easy to conceive that if two absorbing 
substances are broiight into contact with each other, then the one 
with the greater suction pressure will absorb water from the 
one with the less, until each contains the same relative amount 
of water : that is, until there is dun equilibrium betw^een them, 

Now% since cells obviously must absorb water, they must exert 
a suction pressure. 

If a solution of some kind be separated from pure water by 
means of a membrane, one of three things will happen, according 
to the structure of the separating membrane. If the membrane be 
perforated, the solution will pass through easily. The mem- 
brane is therefore said to be permeable. On the other hand, if 
the membrane is not perforated at all, like, for example, a sheet 
of glass, then the solution is completely separated from tiie water 
and cannot pass through the membrane, which is therefore said 
to be impermeable. There are membranes, however, wdiich will 
allow the solvent to pass through, but not the substance dis- 
solved in it (the solute). Such membranes are said to be semi- 
permeable. Parchment paper, for example, is semi-permeable to 
a sugar solution in that it will allow^ the water (solvent) to pass 
through it, but not the dissolved siigar (solute). 

Therefore, there must be a pressure set up which forces the 
water through such a membrane. If a solution of cane-sugar be 
separated from pure water by a parchment or sausage paper 
membrane, the water will be forced through the membrane from 
the pure water side into the cane-sugar side. 

This process is w^ell illustrated by a simple experiment 
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sausage. 

paper 


(Fiir. 1 Through a bored rubber stopper fit a piece of com- 
paraH\el\* wide glass tubing tightty. Then fix another stopper 
into one* end of a cylinder of sausage paper (a good semi-permeable 

membrane) and ensure no leak- 
age by binding it with strong 
■ wire. Till ' the sausage . paper 
with a strong sugar solution ; then 
fix the first rubber stopper to 
which the glass tube is attached, in 
the other end of the sausage paper. 
Bind this with wire also. Then 
immerse, as shown in the diagram, 
in a vessel of water. Mark, with 
a piece of adhesive paper, the 
position of the sugar solution in 
the tube. After a few hours, the 
solution will have passed some 
distance up the tube, thus show- 
ing that water has passed from 
the vessel into the cane-sugar 
solution. If the solutions are re- 
versed, then the level inside the 
glass tube will, of course, drop. 

The pressure responsible for 
such a passage of water is called 
osmotic pressure, and the process 
is referred to as osmosis. If two 
cane-sugar solutions be separated': 
by. a , -semi-permeable •• -:m,em,brarie- 
the -water will pass from the,, lower ;; 
concentration tO' "the-, higher ,,^and-'-' 
will continue to do so until the 
eonceiitrations are equal on both sides of the membrane. That 
is, osmosis aims at establishing an equilibrium in concentration on 
both sides of the membrane. 

The cause of osmotic pressure is still uncertain. Just like 
other forms of pressure, however, it can be counteracted by any 
other pressures acting in the opposite direction. For example, if 


..glass 

tubing 



rubber 

-Stopper 

-wire 


--sugar 
Tutior 


Fm. 1 lo. Appakatus for 
.lnstratino Osmosis. 
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a soerrMC sohitifni be plac‘e<i insicie a semi-permeable membrane 
and iinni<‘rsed in pure water, as shown in Fig, 11.1, then a certain 
weiglit placed on the surface of the solntlon, the entry of water 
l,)y osmosis could be prevented and the smallest possible iveight 
to prevent any entry of water vrould be that which exerts a 
clownwmrd pressure equal to the' osmotic pressure tending' to 
force water iiwards. 

In the case of a 1 per cent, solution of sucrose this is equiva- 
lent to a weight of 10| lb. per square inch of the surface of 
the solution, as illustrated in 
Fig. 111. 

.The skin of a pig’s bladder 
also forms an excellent semi- 
permeable membrane. If, 
therefore, a pig’s bladder 
were tilled with a solution of 
sugar and tiam immersed in 
water, the water W’ou Id pass 
iiito the bladder by osmosis. 

The result would be that the 
biadderwould swell and, since 
if is elastic, it w’oiild become 
<1 istendt K I . Xo w , when elastic 
b<Kli<vs are stretched, it is w^ell 
known that, owing to the co- 
hesion of the particles (that is, 
the attractive force tending to keep the particles of the elastic 
ruatei-ial together), there is a tendency to resist further stretch- 
ing, and the more such bodies are stretched the greater does this 
resistance become. Therefore, as the bladder becomes more and 
mo!‘e distended, the more and more does the membrane of the 
bladder resist this stretching effect. It follows from this that the 
elastic tension, resisting the stretching of the membrane, is 
also resisting the entry of water into the bladder, since it is the 
latter which is causing the stretching. In otheiv ’words, while 
osmosis is tending to force water into the bladder, the elastic ten- 
sion of the membrane is tending to force water of the bladder. 

This can be well illustrated in the pumping up of a bicycle tyre. 


weight exerting a 



Fig. 111. Diagrammatic Repre- 
sentation or THE Pressure due 
TO Osmosis. 

The weight is just suffieient to 
prevent water passing through the 
membrane into the inside vessel. 
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Hert% tin- \v<itc?r is ropreBeiited by air. The pressure required to 
force air into tlie tyre by ttieans of the piimp represents the 
osniotic pres.sure. As tlie air passes into the tyre, it forces the 
tyre to ^^veiL iait the elastic properties of the rubber tyre make 
it resist t liis swelling. The more the tyre swells, the more does it 
resist swelling, and that is why the more a t}Tre is pumped up, the 
harder it becomes to pump. The pump is forcing air in, b\it 
the sw’oiien tyre is trying to force air out again. It does not suc- 
ceed in forcing the air out, of course, for there is no passage oiit- 
tvards for the ah'. 

That such a pressure exists is clearly demonstrated if the tyre 
is punctured ; for as soon as the air is supplied with an outward 
passage, it is forced out. The puncture also shows that the more 
a tyre is swollen , the greater is its outward pressure, for the harder 
a tyre is pumped up, the greater is the rush of air when there is a 
puncture. This is very similar to what is going on in the case of 
the pig's })ladder. Osmotic pressure forces water in; the stretching 
wall of mcanbrane is trying to press water out. This outw^ard 
pressure is called wall pressure, and therefore, in the case of the 
bladder, the suction pressure, SP, is equal to osmotic pressure, 
OP, minus wail pressure, WP. Better still, it can be expressed 
as an equation : == OP - IfP 

Now, consider the bladder containing the solution of sugar, 
immersed, not in pure water, but in another sugar solution. If 
the concentration of sugar inside the bladder is the same as the 
concentration outside, there will be no passage of water, since 
r)smosis kaids towards an equilibrium of concentration and that 
equilibrium is already established. If, however, the solution 
outside is stronger, then osmosis will take place towards the 
outside, with the result that the bladder will lose water. On the 
otlier hand, if the solution outside is w^eaker, then osmosis will 
take place inwards and the bladder will absorb water, but not at 
such a great rate as it would if immersed in pure water. 

In this ease, there is another force acting ; that is, the osmotic 
pressure of the sugar solution on the outside. If the osmotic 
pressure of the solution inside the bladder be represented by 
OP| and the osmotic pressure of the less-concentrated solu- 
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Of >11 outside by then 0 /\ is greater than OF2? and the 
suftiirti pressure which forces water into the bladder now can 
h(* rf ^presented by the equation : 

NF-OFi-(IFF fOPo), 

Jn its relation to water, the living plant cell is very siniilar to 
tlie liladder containing the sugar solution. There is one great 
difference, how^ever. The mechanism depends on elasticity and 
semi-permeability, and both characteristics are found in the one 
structure, in the case of the bladder, that is, the Madder mem- 
brane. In the case of the cell, the cell-wall is elastic, but quite 
permeable . Therefore it supplies the necessary" elast icity to give 
the negative ’wall pressure, but not the'semi-permeability to give 
the osmotic pressure. The semi-permeable membrane is sup- 
plied by the protoplasm itself. 

The. protoplamn of the cdl acts as a semPpermeable membrane. It 
lies against the cell -wall, as we have already seen. Tlie osmotic 
solution is found in the cell-sap which is present in the vacuole. 

Thus, if the cell be immersed in water, it will absorb water, 
very similar to the way in which the bladder does. This is 
exactly how it hapj)ens in Nature so long as the cell is immersed 
in pure w’ater or in a solution of a concentration lower tlian that 
of the eell-sap. Also, if two cells lying side by side have cell-saps 
of different concentration, water will pass from the cell of low^er 
concentration to the cell of higlier. This is" the mechanism 
whereby water passes from one cell to another. 

The trtunendous pressure set up by suction pressure in plant 
cells can be imagined from the behaviour of stored wheat, which 
becomes accidentally di’enched with water. Wheat stored in the 
holds of ships has been known to burst the sides of the vessels, 
wlicn water has penetrated into it. A few years ago a granary 
at Leith, packed with stored wheat, caught fire. The water 
from the hoses got into the wheat. The cells of the grains 
al)S(>rbed it by suction pressure, with the result that the wLeat 
became so swollen that it burst the walls of the granary. 

Our present-day knowledge of osmosis with relation to living 
cells is due very much to the researches of Br. F, F, Blackman, 
Professor H. H. Dixon and Professor S. C. Brooks. 
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Turgidity and Pfasmolysis 
If a vvW be immersed in pure water, it will sw^eli, within the 
lim its of t he elasticity of the ceil- wall. Now, w^hat wmild happen 

if the cell w^ere immersed 
in a solLition of a concen- 
tration higher than that of 
the cell-sap ? By the pre- 
vious reasoning, it is quite 
clear that the water of the 
cell-sap w^ouid pass owi of 
the cell and, instead of 
swelling, the cell w^ould 
shrink. This is exactly 
what does happen. Of 
course, the vacuole gets 
smaller and the w^hole cell, 
including its protoplasm, 
shrinks, but the cell-wail, 
being more or less solid, 
cannot shrink so much, so 
the cell proper tears away 
from the cell-wall ; conse- 
quently a space containing 
some of the solution of im- 
mersion is left between the 
shrunken cell and its cell- 
,wall. ■ In, thiS' condition,;, 
the cell is, said ;to;be plas-' 
molysed, and this process 
of shrinkage is called '' Plas-' 
molysis./' ■ Hasm.olysis,;.can',;''' 
easily be seen under the 
microscope if cells, such 
as those of the beetroot, 



Fig. 1 12, PLASMor.YSis in a Oell. 

Th<‘ fisiiro represents the cell just 
lis it lias biH'u inimersod in a strong solu- 
tion of cane-sugar. Note that the cell is 
pressed finniy against its surrounding 
cell -wall. The next figure represents the 
c'cli a few !ninute.s afterwards. Plasmo- 
lysis has cninnienced, the cell is breaking 
away from the wail (tlie spaces between 
becoming tilled with sugar solution), and 
the vacuoles are smaller. The lower 
figure represents complete plasmolysis. 
Note here the disappearance of the 
vacuoles. 


which contain a coloured cell-sap, are used and immersed in a 
rather highly concentrated solution of salt or sugar. Direc- 
tions for this are given in the practical work (Fig. 112). 
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If .such cells are not kept too long in the plasmolysed condition; 

it is coiiceivahle that they will recover their normal condition if re- 

... sufzr soluMfi 

‘ ^jirotoplasm ' ' ■ 




{!) PIAHT cat IMMEDIATELY 
ON IMMERSION IN STRONG 
SUGAR SOLUTION, 


strong sugar solution 
jglhwall 

jugar solution which has 
passed through cell-wall 
jjrotoplasm 
jyyrwo/e, much smaller 


(2) THE SAME CELL A fEW 
MINUTES AfTERWARbS, 
RLASMOLYSIS BEGINNING 


jjrong sugar solution 
.cell-wall 

jugar solution which has 
passed through cell-wall 
protoplasm 


fi) THE SAME CELL SOME 
fURTHER TIME AFTERWARDS 
COMPLETE PLASMQLYSIS, 


Note the total 
disappearance 
of vacuole 


vatee 

lell-wall 

ifotoptasm 


lacuole 


i4\ THE SAME CELL AFTER 
HE-IMMERSION IN WATER. 
DEPLASMOirSIS. 


Fig. 113 . Diagrammatic Represent atiok oe Flasmolysis 

AND DePLASMOLYSI-S. 

placed in pure water. This actually does happen and the process 
of recovery from plasmolysis is called deplasmolpis (Mg. 113). 
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\Xhm cells contain as much water as they possibly can, they 
are eacJi pressing hnnly against their containing cell-walls, 
thus giving the whole structure a rigid appearance. The cells 
in this cindition are said to be turgid. If they then begin to lose 
water too vigorously, they begin to plasmoiyse, lose their 
turgidity an<l firmness, and thus the plant wilts. If the cells 
are left in this condition too long, they will not recover in any 
eireurnstances and the plant finally dies. On the other hand, if 
the cells get a fresh supply of water within a reasonable length of 
time, they will deplasmolyse, recover their turgidity, and the 
plant becomes normal and healthy once more. 

What lias been said c5f cells with regard to their relations with 
water, applies only to Iking cells. Dead cells will not absorb 
water by osmosis, etc., and they will not plasmoiyse. 

Absorption of Dissolved Substances by the Cell 

Having already some idea of the contents of a cell, it is quite 
clear to us that water is not the only thing that must enter it. 
Certain other chemical substances diffuse into the cell too* First 
of all, it is necessary to remember that all substances enter the 
cell in solution. Obviously they cannot enter by osmosis, for 
the semi-permeable membrane of the cell, that is, the proto- 
plasm, by virtue of its osmotic properties, would tend to keep 
out anything dissolved in the water. 

Actually, the dissolved substances enter because the cell 
protoplasm is never perfectly semi-permeable. It is permeable 
to certain dissolved substances. Some dissolved substances, 
however, can diffuse much better than others can. Also certain 
parts of the protoplasmic layer can actually select what sub- 
stances shall pass through and what shall not. 

"This selective action of the protoplasm is very important, for 
on it depends what shall enter into the vacuole and what shall 
not, and, after all, there are certain substances which a plant cell 
must have and there are other substances which the ceil de- 
finitely must not absorb. 

Those parffe of the protoplasmic layer which have thi§ selective 
power are the layer on the very outside of the protoplasm, that 
is, the layer of the protoplasm touching the cell-wall, and the 
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innermost layer which lines the vacuole. These selective layers 
are called plasma membranes. Much wwk on the plasma 
membrane of plant cells has been done by Professor G. Haber- 
landt. 

It therefore follows from this that if a plant cell be immersed 
in a solution of several substances, all in equal concentrations, 
all the substances will not diffuse into the cell in the same, that 
is, equal, proportions. The rate of diffusion depends on the 
selective action of the plasma membranes. Such substances as 
the plant requires will enter easily and those that the plant 
does not require will enter with great difficulty, or perhaps not 
at ail. We have already seen that relatively much more iodine 
salts than sodium salts pass into the cells of the browm seaw’'eeds 
from the surrounding sea-water. This is clearly because the 
plasma membranes select relatively more of the iodine than the 
sodium. 

Cell permeability has received the attention of many famous 
plant and animal physiologists, including Professor J. Loeb, 
Professor Hugo de Vries, Dr. W. J, V. Osterhout and Professor 
W. Stiles. 

PRACTICAL WORK 

1. Demonstrate the phenomenon of o.smosis. This can be done 
in se\'erai ways ; hut a very gocxl method is that already described 
and illustrated in Fig. 1 10. 

When setting up this apparatus, make sure that the sausage 
paper is tight around the tw^o rubber .stoppers. This can be 
done by means of t*opper wi're or string. If the paper is not fixed 
tightly, the solution will leak out. 

Make a lal )eUed <irawing of the apparatus. Mark by means of a 
piece of adhesis'e paper the level of the solution in the tube, then 
mark in a similar way the level regularly after every twenty- 
four hours. " 

Fully iieseribe the experiment and the results, explaining 
especially why the rate at which the solution rises in the tube 
gradually decreases, 

2. It has already been showm that water can pass from cell to 
cell in a plant tissue, by means of suction pressure, provided that 
the dissolved substances in the vacuoles are at the^ight concen- 
tration. This can be showm in a very convincing manner. 

Prepare a ‘ thimble ’ of plant tissue. That of a potato tuber 
forms excellent material. Choose a large tuber and pare it roughly 




15B 


EVERYDAY BOTANY 


into t ]it^ shapo (sfa o<me. Then with a sharp penknife holiow it out. 
Half till this Mhinible' with some 10 per cent, solution of cane- 
Himv, tiiciu hy means of a large needle, suspend it m a vessel of 
pure w at or { Pier. 114). .p , , , . , , . , 

Note tiuit aftc'r a time the solution inside the thimble shows 
signs of rising, and continues to do so slowly. Fully describe tiiis, 
and explain the I'asults. 



Fig. 114. Demoxstuation of the Passage of Water through 
1?LANT Tissue by means of Suction Pressure. 


3. The pressure set up by osmosis is easily demonstrated in the 
case of a st rong solution of cane-sugar or common salt. Fill a large 
basin with some of the solution to be used, then immerse in the 
solution a. glass cylinder or a wide glass tube sealed at one end. 
^\cross the mouth tie a piece of the membrane of a pig's bladder 
(a good semi-permeable membrane). Fix this by means of string 
or M'ire, All this must bo done under tlie solution in the basin, to 
pij^n’ent any air bubbles from entering. 

Remot e the cylinder containing the solution and thoroughly 
w’ash it under the. tap, to remove all traces of solution on the 
outside. Then immerse it completely under water and leave for a 
few hours. 

By this time, the solution inside the cylinder will be exerting 
a pressure on the membrane, causing it to stretch outwards (see 
Fig, 115). Pfcliy explain this. 

4. Cut some slices, about 3 mm. thick, from a beetroot. By 
gently bending them between the fingers, notice their comparative 
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lirrnnoss. This is due to the eells being full of water and therefore 
tuf'gid. Then place tl)e slices in a 10 per cent, solution of cane* 
'-utrar aial k‘ave for ab<)ut lialf an hour. Note now that the slices 


have beeouie very flabby. Re- 
place in pure water and leave for 
iiaif an hour, and then note that 
they have regained their firm tex- 
ture. FTilly (ieseribe these observa- 
tiotis and explain them. 

5. By means of a sharp razor, 
cut some microscopically thin sec- 
tions of beetroot. Mount them in 
water and draw one or two of the 
cells, under the high power. Note 
especially the vacuoles containing 
a re<i ce»ll-sap. Now, by means of a 
small piece of blotting paper placed 
at the edge of the cover slip, draw 
some 10 per cent, sugar solution 
underneath it. Tins will cause the 
ceils to plasmolyse. Examine and 
draw various stages of plasmolysis. 
Then irrigate the sections with 
water and look for deplasmolysis. 

6. Tfie same t^xperiment ean 
l>e dcaie \\ itli whole lea\’e.s of CJana- 
dian pnndweed ( Klmlea canarletisis). 



M«>unt a eou]|>lete leaf in water on 
a slitle and draw one or two of the 
ceils, under tlie high }K>wer, Note 
e,spe(aa}ly the small green granules 
(cliloroplasts) which contain the 
ehloropliyll. Then irrigate the leaf 
with a strong solution of sugar or 
salt. The green cliloroplasts help 
one to see plasmolysis taking place 
more easily. 


Fig. 115. Method of de- 
monstrating Pressure pro- 
duced BY Osmosis. 

The tubes contain sugar solu- 
tion and are then seakxi with 
pig’s bladdtT membrane. On 
the left, a tube before immer- 
sion in water ; on the right, 
after immersion. Note, in the 
latter, the distended membrane. 


Now place a small sprig of 

in boiling water for a fe\v minutes. This kills the cells. Thep. 


mount one <-)f the leaves and treat it as before. Note that pdasmo- 
lysis does not occur in this case. This shows that only living 
cells possess semi -permeable membranes and are therefore able to 
absorb water by osmosis. 



CHAPTER VIII 


THE ROOT 

The norma] root of the plant has two main functions and a sub- 
sidiary one. They are : 

( 1 ) To act as an anchor for the plant, in order that it may re- 

in a in firmly established in the soil ; 

(2) To absorb water and dissolved mineral salts from the soil, 

for the nutrition of the plant ; 

(3) To store manufactured food-stufis. 

The third function is subsidiary, for in many cases food is not 
stored by the root at all. 

Anchorage of the Plant 

It can be clearly seen how efficient the root is as to organ of 
anchorage. , 

In the ease of tap roots, the long, firm main root grows deeply 
into the soil, forming a splendid anchorage. How tenaciously the 
tap root holds to the surrounding soil is easily, demonstrated in 
the case of several well-known plants possessing tap roots. For 
exam|)le, the parsnip, with its long, tapering ta]) root, is very 
difficult to extract from the soil. This root resistance, of course, 
is precisely what the plant needs. The root has to resist, not so 
much pressure on its sid^, as the exposed shoot obviously has, 
but rather has it to resist any pulling strain. If, for example, a 
high wind is tending to blow the plant over, or an animal is 
trying to pull at the plant, in either case this acts on the root as 
a pulling force. 

Tlih parsnip (and another good example is the dandelion, 
which is such a common weed on lawns) can resist this pulling 
force to such an extent that, rather than give way arid allow the 
whole plant to be completely extracted from the soil, it will 
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break, either near the base of the 
shoot or part of the wa y <lown the 
root. It is necessary to dig the plant 
up and rennn e tlie soil particles to 
which the root is tenaciously cling- 
ing, in (,)rder to get the root com- 
pletely out of the soil. 

Tliis tirni fixture of the roots in 
the soil also explains why, ivhen 
trees are exposed to very high wind 
pressure, such as we get in a gale, 
although they sometimes cannot 
withstand such abnormal pressure 
and are l)lown dovTi, yet very little 
of the roots come up when the tree 
is ‘ uprooted.’ They tear away 
instead. 

The amount of space that the 
roots take up in the soil is some- 
times very sur|)rising, especially in 
the case of fil)rous root systems. 
When a plant is simj>ly pulled out 
of the soil, the amount of root 
that comes away with it is usually 
only a small fraction of the whole 
amount. The majority of the ends 
of the branch roots remain in the 
soli. Careful digging around the 
plant and final washing away of the 
soil from the roots is necessary 
in order to get a real idea of the 
amount of root attached to a plant. 
In the case of an oak tree, for ex- 
ample, the roots p<metrate many 
feet into the soil ; very often as far 
down as the tree is high if the soil 
is soft. If, on the other hand, the 
seal is very rocky, the roots spread 
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Fig. 116. 'A complete 
Wheat Plant, showing the 

LARGE, FIBROUS RoOT SYSTEM. 


The numbers incheate f|©t. 


100 
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l)eneat!i the to an area much in excess of the area covered 
by the 8|>r(^acling branches. That gives some idea of the amount 
of rf)ot: attached to the tree. The roots of the wheat jdant 
iLsually 'penetrate to a depth of 5 feet and sometimes even 
further (Fig, 116). 

Protection of the Root 

It is clear that the roots of a plant gradually increase in length ; 
and a very important question therefore is : how does this growth 
take place I 

It has already been seen that the flowering plant is composed 
of thousands of small cells. Many of these cells go to form the 
root. Growth takes place not only by the enlargement of each 
individual cell, but also by the formation of new cells ; for tiie 
individual cell is limited in growth (see Chap. XXI). 

The formation of new cells involve many intricate processes 
which cannot be considered now. Fiindamentall}^ the forma- 
tion of new cells takes place by the division of cells which already 
exist. A single cell divides into two. First the nucleus divides to 
form two nuclei, then the cytoplasm divides itself into two por- 
tions, one portion surrounding each of the two new nuclei, then 
a mw cell- wall is formed through the middle of the ceil, dividing 
the two protoplasmic portions. Thus tw’'o new daughter cells are 
formed^ each of which finally grows to the size of the original 
mother cell. Thus, the cell volume is increased two-fold. 

Only very young parenchymatous cells wdiich contain no 
vacuoles are capable of division. Such cells are said to be 
meristematic. It therefore follows that not all the cells of a 
plant are capable of division, for only a few are young and 
])arencbymatous. Meristematic cells are often found congre- 
gated together in groups, thus forming a meristematic tissue or 
meristem. 

The obvious place for the meristem in the root, which grows 
chiefly in length, is at the very tip. Actually, however, this is not 
the ease, for the meristem of the root is just behind the tip. 
This can easily l)e explained. If the meristem were at the tip, it 
would soon become worn away owing to the root, during its 
passage of growth through the soil, rubbing against the hard 
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soil particles. If the meristi'm were worn away, of course, growth 
in kaigtb could not possibly continue. 

:<ince tiie root merist^?m is just behind the tip, it is able to pro- 
duce new cells by division both below and above it. The cells 
]»r(Klueed above go to form additional root tissue, whereas that 
below it forms the true tip of the root. These cells which form 
the true tip of the root are called the root cap, and are 
never modified beyond the , j \\ \jsy-A s i n j * 
parenchymatous condition. 

The cells of the root cap 

are , of course, exposed to the - ji i 

soil They do. however, form 
a splendid protection for the 
young meristem. They must 
necessarily be w’orn aww 
as the root pushes its w'-ay \\\'^ 
through the soil, but that 
does not matter very much, VA 

for as the cells are wwn 
away from the root cap by \ 

the soil particles, new cells 
are added from behind, by 
t he meristem . Therefore , as 
quickly as tlie root cap is 
worn away, jxist as quickly 
is it replaced (Fig. 117). 



Absorption of Water Fio. in. Lonoitudikal skctton 

and Mineral Salts ^ ^ 

By far the most important A% growing point ; r, a cell of the root 

fiction of the root is the P^iferous layer ( x iso). 

- , . (After Strasburffer.) 


function of the root is the t 

, . (After Strasburger.) 

absorption of certain raw 

food materials, namely, water and mineral salts from the soil. 

A close examination of the soil in which the root grows shows 
it to be composed of fine particles of rock. The particles are of 
various shapes, and, therefore, though they are closely packed 
together, there are many spaces between them. In these spaces 
air is prwent. This is absolutely essential to the plant, for the 
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root BiiiHt have air as well as water (see Chap XIII). If the 
spaces are completely filled with water^ the soil is said to be 
water-logged. This state of affairs does happen sometimes, and 
if the soil remains in the water-logged condition too long, tlie 
majoiit}^ of plants growing in it die. 

In a aerated soil, the winter itself forms a film around each 
soil particle. To get at this water film, therefore, the root must 
l>e pressed very closely to the soil particles. The purely cyiin- 


ap space 



soil pa'rticle 
surrounded by a 
film of water 


Fig. 118 , Part of a LoNoiTiTBiNAii Section through a Root, 

PASSING THROUGH A RoOT HaIR, BENEATH THE Soil.. 

Koto how closely the hair adheres to the soil x^articles. 

drical portion of the root obviously cannot do this to any great 
extent owing to its shape. But the long thin root hairs which 
are found some distance behind the tip can, by taking up a 
vermiform shape. This is seen in Fig. 118. 

That the root hairs press tenaciously against the soil particles 
can be w'ell demonstrated by growing some cress seedlings in 
soil. When they have attained a height of about half an inch, 
gently lift them out of the soil and wash the root under running 
water. The water will wash the clinging soil particles away from 
the root, except in the region of the root hairs. - 
Since,, therefore, the root hairs are in direct contact with the 
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water films In the soil, it is eluetl y tlirough these hairs that the soO 
water, togi'tlier witii its dissolved mineral salts,,. passes into the 
root. Eaeli hair is composed of one long parenchymatous 
cell, with a very tliln cellulose cell-w^ali, a thin lining layer of 
protfjplasm. and a very large vacuole. Here we have a ceil siir- 
roimdeii l>y water an<l, tiierefore, by suction pressure, as explained 
in ('1ia]), VII, the water passes into it. Thus the water passes 
into the root. 

But, (rf course, the water has to pass from the root hairs right 
into the ro(jt proper and thence up to the shoot. This involves 
many other })roeesses, some of wdiich can be considered now, 
but tlie others must be left for further consideration (Chap. XII). 

Internal Structure of the Root 

The structures which are responsible for conveying the w^ater 
together with its dissolved substances from the root up to the 
slHK)t are the j)i[)edike elements called vessels. These are found 
in the middle of the root as shown in Fig. 119. Here the vessels 
are groupal tr)gether to form a tiiiaie called xjlem. The xylem, 
as is seen in Fig. 120, is embedded in a tissue of parenchymatous 
cells. 

Xow, the root is a living part of the plant and therefore must 
liave focKi, so it is clear that although there is a passage of w^ater, 
etc., up through the root (via the vessels), there must also be a 
downward passage of w^ater containing dissolved food-stiiffs to 
supply the root. The elements used in the conveyance of dis- 
solved ffxxi-stuifs are the sieve tul>es, and, therefore, there must 
l)e some sieve tubes present in the root. The xylem is arranged 
in a more or less star-shaped pattern, when seen in transverse 
st>ction. The vessels at the points of the star are smaller than 
those at the centre. The smaller ones are actually the first 
forme<i, and the larger gradually develop tow^ards the centre. 
The first -formed xylem elements form what is called the proto- 
xylem, and the larger, later-formed elements, metaxyiem. 

Betw^een the points of the xylem star may be seen groups of 
sieve tubes. Each group forms a tissue called phloem, and the 
phkxmi, like the xylem, is embedded in a tissue of parenchyma. 
Note also that the phloem groups never directly abut on the 
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yiom. There k always a certain amount of i>arenchyma be- 
ttcen. This mass of tissue for conveying water and dissolved 
alts up to the shoot (xylem), and water and dissolved foods down 



Above» near the tip, in the root hair region; below, in an 
older part. 

to the root (phloem), together with its matrix of parenchyma, 
is called the stele. 

Surrounding the stele is a thin layer of parenchyma called the 
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pericycle. Hiirroiincling the w.hc')Ie of this collection of tissues is 
a (‘\'iindt‘r of parenevhina called the cortex. The innermost layer 
of the (“ortex is briek-like in structure. It is called the endo- 



.. pilifiroiJ$ faytr 


V' 



..... 

phloem 


Fto. 120. Portions op a Transverse Section of a 
R f>OT UNDER THE HiGH PoWER. 

Abovts the outer tissues ; below^ the stele. 

dermis. The cortex is surrounded by the outermost layer of the 
rfX)t, which is called the piliferous layer. 

At the region behind the tip of the root, the outer walls of the 
ceils of the piliferous layer grow out to a great distance and 
produce the root hairs. The layers of cells between the endo- 
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(lemu-s and the piliferous layer, which comprise the rest of the 
cortex, are composed of ordinary living parench^^ma and have 
air spaces in ters|>ersed among them (Fig. 120). 

Passage of Water through the Root 
We have already seen how the water gets into the root hairs 
of the fiiliferons layer, and we know that the water is conveyed 
out of the root into the shoot via the vessels of the xyiem. Our 
next consideration therefore is the passage of water across the 
root from its externa! hairs to the xyiem vessels in the centre. 


vessel 



i /.r » 


Fig. i2L Part of a Transverse Section of a Root to show 
HOW Water i*asses from the Root Hair to the Stele. 

From previous considerations of osmotic and suction pres- 
sures, it is known that if two parenchymatous ceils are lying side 
iw side and the osmotic concentration in the vacuole of one is 
higher than that of the other, then w^ater will be drawn from the 
cell of lower concentration to the cell of higher concentration. 

A glance at Fig, 121 will show that this fact underlies the pas- 
sage of water across the cortex from root hair to xyiem vessel. 
It has been proved that the osmotic pressure of the cells of the 
cortex increases consistently in the order . . . . 

Therefore B will have a higher osmotic concentration than A and 
will draw water from A . In the same manner C will draw water 
from i>, E from D and so on, until the water reaches the cell L. 
Thus we can get the absorbed water into the parenchymatous 
cells surrounding the vessels. 
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But the mine explanation will not help us to iinderstaiid how 
the water passes from these cells into the vessels, for vessels are 
(lead eierruaits and tfierefore contain no protoplasm. Since they 
eraitain no protoplasm, they cannot have a semi-permeable 
membrane. Therefore the entry of water into the vessels cannot 
k- (explained l)y ostnosis. The mechanism here is still a 
mystery. 

The next problem is : how does the water get from the vessels 
np to the shoot, right into the leaves, especially the leaves of a 
tall tree ? Clearly it is forced up, but the forces involved are 
several and complicated. These will have to be deferred for 
further consideration in Chap. XII. 

However, the root does pla\’ a certain part in forcing the water 
up to the shoot. It exerts a dehnite pressure upwards of water. 
This pressure is called root pressure. Although root pressure will 
therefore hel|) to force water up through a plant, it is insufficient 
in itself. It could not, for example, force water from the roots 
to the up])€‘rmost Ieav(?s of an elm tree. 

Food Storage in Roots 

The third function of some roots is that of food storage 
(Chap. I\’). The food i.s manufactured in the leaf, and then 
translocated down throiigli the j)hlc)em to the root where it is 
stored, chiefly in the parenchymatous cells of the cortex. 

Hoots are also modified sometimes, for other functions such 
as climbing and gaseous interchange. These modifications were 
(‘xamined in C1iap. TV. 

Roots and Fungi 

One of the most important elements which a plant requires is 
nitrogen. The normal plant never absorbs the nitrogen from 
the atmosphere, as it does carbon dioxide. It extracts its 
nitrogem from the soil. The nitrogen is present in the soil in 
the form of nitrates, etc. 

There are, however, certain plants which have special means of 
ol)taining their nitrogen supply. If the roots of certain heaths, 
orchids, and many forest trees be examined, they will be seen to 
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bf covered with a coioiirless, filamentous fungus w'hich ramifies 
all over the surface of the roots and sometimes actually i>ene. 
trates them. Since the fungus cannot build up carbon and 
nitrogen forxl-stiiffs in the way a green plant can, it absorbs certain 
organic nitrogen and carbon compounds ‘from the plant on which 



Fig. 122 , Teansverse Section of a Part of a Root of 
THE Scots P,ine, showing the Piliferous Layer, sur- 
rounded BY Ectotrophic Mycorrhiza. Note some of thE 
Fungal Hy,phab penetrating beiwem the CELr.^s. 

it growing, and also from the decaying dead plant and animal 
material in the soil around it. This type of fungus is called 
mycorrhiza. 

There are two forms of mycorrhiza : (a) the ectotrophic, in 
which the fungus grows only on the surface of the root (Fig. 122), 
and (6) the endotropMc, in which it actually penetrates the cells of 
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the root (Kisjf, 123). The myeon'hiza of the pine, spmce and 
lawli in ectotrojihic, whereas tliat of the 3 W,.etc., is.endotrophic. 

Xow hitu-e the ni 3 '<*orr*hizal fungus absorbs certain organic 
nitrogen and carbon compoiinfls from the soil, and since it 
IH^netrates the roots of its host plant, certain of these compounds 
must be absori^ed I\v the host plant from the fungus. 

TIk‘ |>resence of n\vcorr.hizal fungus is sometimes veiy impor- 
tant. es|KX‘ialh' to forest trees. The normal plant absorbs 
nitrogen from the soil in the form of inorganic nitrates. It is 
to be expected, therefore, that the soil of forest lands would soon 



Fua A ruw' Cells of the PrLiFEROUs Laver of the 

Bird's. NEST Orohis, showino some Hvfh.^ of an Endo- 
TKorHi<;^ MyeoRiuiiZA BEoiNjiiN<i actually to penetrate 
into THE Cells. 

become very poor in such inorganic salts, ouing to the great 
demand made uy)on it bv such tremendous plants. At the same 
time, such a soil would be well supplied with decaying fallen 
leaves, which would suppiv' plenty of organic matter (humus) to 
the soil. The surrounding soil would therefore contain much 
nitrogen in the organic condition ; but the root of the normal 
plant cannot absorb organic materials from the soil. The fungus, 
on the other hand, can ; and in that capacity" is therefore indis- 
jfjensable to many' forest trees. 

This is the first example we have come across where two dif- 
ferent forms of plants are living together, actually joined together. 
Yet, neither harms the other ; in fact, each does the other good. 
The flowering plant supplies the mycorrhizal fungus with certain 
foods, especially carboby^drates, through its root, and the 
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fungus in its turn obtains nitrogen from the soil humus and 
]>assos it oti to the root of the flowering plant* Thus both plants 
live togetiier for mutual benefit. This phenomenon is called 
symMosis, 

Much work on mycorrhizal fungi has been done by Dr. M. C. 
Eayner, who, from studies of certain crop plants, has found that 
mycorrhizal fungi live on the roots of orange trees, to the mutual 
advantage of both plants. Such fungi have already been demon- 
strated on the roots of such plants as the strawberry, sugar-cane 
and wheat. Thus, it is likely that these fungi will prove to be 
of the utmost importance to the grower when more has been 
learned about them. 

The Nitrogen Cycle 

For centuries it has been known that one way to enrich the soil 
is to grow certain plants w^hich belong to the family Leguminosa, 
and certain other families, on it. Some of the best-known plants 
belonging to the family Leguminosae wdiich actually enrich the 
soil with nitrogen compounds, rather than make it poorer, are 
jx^as, beans, clover, etc. 

For this reason, clover is often eultivated on farm land. It is 
a crop often used in crop rotation, usually followed in the next 
season by wheat, which derives great benefit from the soil wiiieh 
has been enriched by the clover of the previous season. Some- 
times, esixcially if the clover turns out to be a poor crop, it is 
merely cultivated until the end of its growth and then just 
ploughed into the soil, where, during the winter, it decays, thus 
giving a splendid natural manure to the soil. More often, how- 
ever, the crop of clover is harvested ; but much addition of 
nitrogen compounds to the soil has taken place, as we shall see, 
from the roots of these leguminous plants alone. 

Clover is usually cultivated as fodder for farm animals. One 
advantage that this crop has over ordinary hay is that it may be 
gathered and preserved in the wet condition and not in the dry. 
The almost heart-breaking effects that bad w'eather can have 
during the hay-making season, especially in Great Britain, is well 
knowm. The clover crop, however, is not so adversely affected 
by weather conditions. 
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The (‘lover is in the fresti condition and stored in a 

silo, whicfi tak(‘s t he form either of a pit or a tower above ground. 
I’he which results from this storage is called silage. Other 

crops arc used for silage in Great Britain, such as pulses and 
cereals, (‘specially maize : also grass, if the weather conditions are 
too uiiisatisfa(t<>ry for hay-making. 

Hilage is a wholesome forni for ail classes of cattle, since they 
digest it rapidly and keep in a good condition when fed upon it. 
J>hee|) also do well on it, though it is not so palatable to them as 
it is to cattle. Horses eat it readily wdien it is served in small 
quantities mixed with chatf . On the other hand, it is not a good 
diet for pigs. 

(lover and other leguminous plants make quite a good silage ; 
hut not so good as cereals since, imfortunately, it tends to get 
rank and sour. Therefore, this crop should be quite mature be- 
fore fiar\'esting, thus ke(q>ing the moisture content of the plants 
dcnvn to a mininuim. A mixture of clover and maize makes 
excellent silage. 

It is int(‘n‘sting to note that gorse (furze or whin as it is some- 
times cal](*d) is used in the south of Ireland, where hay is scarce, 
for fe(‘ding ]iors(‘s in winter. The seed is sown on spare ground 
and tin* (‘rup, cut the following year, is passed through an 
ordinary (‘half -(‘utter Ixfore being served. Gorse w^as used for this 
purpose nnic‘h more extensively in Great Britain before root crops 
fornuai a winter feed for the farm animals. Gilbert White, the 
naturalist, in his famous Natural History of Selborne,” WTote, 
“ I’he sowing of whins for feeding of cattle takes mightily about 
London just now [1725] . . . this improvement comes from Wales, 
wLere it has l)een practised these hundred years.” 

Atmospheric Nitrogen and Bacteria 

Very r>ft(‘n. liowever, clover is cultivated with no intention of 
harvesting it for silage. The reason for this Is that it definitely 
(*nri(‘hes the soil by supplying extra nitrates to it. The question 
is : how does this nitrification of the soil take place, since we 
know that the green plant cannot absorb nitrogen from the 
atmosphere ^ 

Towards the end of last century ex|>erlments were carried out 
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to settit=^ this problem. Plants, such as wheat, were grown in 
soil cleiichent in nitrates. They were found to become unhealthy, 
although the atmosphere around them contained a large quan- 
tity of nitrogen. On the other hand, clover and other leguminous 
plants were found to flourish quite 
well on such soils. It seemed there- 
fore that they could absorb atmo- 
spheric nitrogen and build it up into 
their proteins and protopiasm. 

After much investigation, it wag 
discovered that the clover was able 
to absorb the nitrogen because it had 
thousands of cells of a certain bac- 
terium present in the parenchymatous 
cells of the cortex of its roots. 

If the roots of clover or the bean 
be examined, it will be seen that in 
places they are swollen to form definite 
excrescences or nodules (Fig. 124). 
The nodules are really localised swell- 
ings of the cortex, and in the paren- 
chymatous cells of these swellings the 
bacterium lives. This bacterium is 
called Bacilkis mdidcola, It is a very 
small (hundreds of times smaller than 
a normal cell) spherical plant and is 
present in millions in the soil (Fig. 
125) . For some reason or other, it will 
attach itself to the root hairs of the 
clover plant and, when there is a large 
number of them, the wall of the root 
hair becomes soft and finally breaks 
{Fig. 126). Thus the bacteria enter the root and multiply pro- 
lifically in the cells of the cortex. These cells rapidly enlarge to 
accommodate the thousands of bacteria and they even divide to 
produce new ceils. Thus the nodules are formed (Fig. 127). 
Bacillus radicicola has the property of being able to absorb 
eric nitrogen and build up nitrogen compounds suitable 
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for aiisoriiti.m l.y the ermi iJant. The green plant, of course, 

cannot aliHorl) aimospherie nitrc'gen. 



Fni. BvcTKtUA {BariUtts mdicicola) pound in the 

Not M l, VIS OF LKfOTMiKOTjs Plants. 

iVhi4nmhrmmH^h,rKt4h<mitedExpeTimmialSta^^ 

Tfiis alisorption of atraospheric nitrogen by the bacterium is 
referred to a.'^ nitrogen iBixation, Thus, BaciUiis radicicola, far 
from being a nuisance to the clover and other plants in which it 



Fro. Bacillufi radieicola penetrating the Boot Haip- 

OF A Broad Bean. 

thrives, is a great asset. !But it demands something in return. 
It cannot manufacture any carbohydrates by photos^mthesis 
since it contains no chlorophyll, and even if it did, the chloro- 
pliyll would l>e useless since the bacterium is permanently in the 
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fiark. it tlierefore absorbs its carbohydrate foods from the roots 
of the tknvidng plant. Thus, we have another example of 
symbiosis. The bacterium and the legnminons plant live in 
symbiotic harmony with each other. 

Now it can be seen w^hy clover aijd other legiiminons crops are 
invalnable in agriculture, even if they are not harvested for 



Fm, 127 , ,, Above, . Tbaxsvebse . Section. . OF .A. Broad Bean 
Root, passing through a Root Nodude. Below, a i’ew 
Cells from the Nodule, enlarged. 


fodder. The quantity of atmospheric nitrogen fixed by the 
bacteria in a crop of clover is so great that if the crop is grown on 
an impoverished soil and then allowed to rot on it or ploughed 
into it, the soil, from the point of view of nitrate content, is no 
longer poor. 

This enrichment of the soil through nitrogen fixation by the 
bacteria present in leguminous plants has been known for cen- 
turies. It was recognised by the Romans and Greeks and w^as 
used by them for the purpose in crop rotation. The fact that it 
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i.s (iiie to the fixation activities of thejmcterium, 

rwfh'wola. was. however, not revealed until after mueii research ■ 

towards tlie eii<l of the nineteenth century, 

mdklcola is not the only means of supplying nitrogen 
conif>onnds to the soil. Tiiese nitrogen compoundxS are the most 
imfxrtant ones to the plant, in the soil, for the other important 
elenients, as will be seen later, are aU obtained from the soil, 
water or the atmospliere. It is clear, therefore, that there must j 

he other methods of enriching the soil with nitrogen. Much ! 



Fio. 12S. Bacteria {Azotohacter) found :m alu Feetile Soils, 
(rktdomicrogmpht Eothamsied Experimental Statim.) 

nitrogen is addeil in Nature in the form of humus, as seen in 
('hap, \"L it is also added by artificial manuring. 

But t}iei*e ai'c other means of fixing atmospheric nitrogen in 
the soil and thus supplying nitrates, without the aid of plants 
lK*aring root nodules. There are certain fi-eediving bacteria 
present in nearly all soils which can absorb and fix atmospheric 
nitrogen. One such baeterami is called Azotobacter (Fig. 128). 

The air which supplies the nitrogen to such bacteria is, of 
course, present in the spaces betw’een the soil particles. 

The flowering plant usually absorbs its nitrogen from the soil 
in the farm of nitrates. Now humus seldom contains nitrogen in 
this form ; therefore, the formation of nitrate from humus, first of 



all, taken place in the soil in several stages, each stage being de- 
pcuident upon a definite bacteriiun. Many nitrogen compounds 
in the soil are formed chiefly of ammonium salts. These ammom 
iiHTi salts are |:)roducecl from the decaying humus in the soil. 
But the plant cannot easily absorb nitrogen in the form of 
ammonium compounds, wliich are therefore converted by the 

ATMOSPHERIC 



action of certain bacteria. Some plants, however, can absorb 
the necessary nitrogen from ammonium compounds. 

The flrst action is purely a chemical one. These ammonium 
salts react with the carbon dioxide present in the soil to form 
ammonium carbonate. Then the ammonium carbonate is acted 
upon by a bacterium called Nitrosoynmas which converts it into 
nitrates. Nitrogen in the form of nitrite is still not very suitable 
for absorption by the roots of most plants. Therefore the 
nitrite is acted upon by a different bacterium called Nitrobacter^ 
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whk‘h C(>!3vertvS it into nitrate. In this form, the nitrogen is 
vc*ry accesKibie to the absorbing root. Nitrites, however, are 
a suitable source of nitrogen to some plants. 

The foFi^going account of nitrogen fixation gives us some idea 
of tlie activities of bacteria. Bacteria are often looked upon as 
}>eing a menace to both plant and animal life. Of course, it is 
true that many diseases are caused through bacterial activity, 
such as typhus, tuberculosis and diphtheria. There are, however, 
many kinds of bacteria which are harmless, and many w^hich are 
definitely useful to other lining things. Some are even essential. 
Ah has Just been seen, the nitrogen-fixing bacteria are very useful 
to the green plant, and it is not exaggerating to say that these 
bacteria are essential to all life on the earth ; for, without them, 
the supply of available nitrogen in the soil would eventually 
Iw used tip and no more could be obtained, at any rate in suffi- 
cient quantities. Thus, the green plants would finally disappear 
and, therefore, for reasons already considered (Chap. I), all 
animals would finally disappear also. 

There are certain bacteria whi(.‘h have the opposite effect to 
the ones so far considered. Instead of building up nitrates from 
frw, atmosf)hene nitrogen, they do the reverse. Thus, instead of 
adding available nitrogen to the soil, they release it. Such 
bacteria are therefore called denitrifying bacteria, and the 
ccaunionest example is Bactfriimi d^niirificam. 

Thus, in Nature, nitrogen passes through several phases or 
eyck‘s. '^Ilie whole pJientoenon is often referred to as the 
nitrogen cycle. This cycle is represented in diagrammatic form 
in Fig. 129. 





PRACTICAL WORK 

1. By making fully labelled drawings, revise the different types 
of root systems. 

2. Examine and rlraw an entire young root of the mustard 
{Ermsica ruV/m), which has been cultivated on damp blotting paper 
(Chap. 1 1 1 , N o . ,‘b . By means of a lens, or a low power of the micro- 
scope, examine and <lraw the younger regions enlarged, showing 
the cylindrical root, the root cap and the root hairs.' 

3. Prepare a transverse section of a young bean or buttercup 
root for examination under the microscope. 
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The root should be placed between two pieces of pith or cannot 
tissue, in order that the whole may be held easily between the thumb 
and forefinger. Then dip the material in 
water in order to moisten it (never cut dry 
material). For cutting microscope sec- 
tions, a very sharp razor is required. Dip 
the blade of the razor in w’ater too. Then 
cut the sections, holding the material ver- 
tically and drawing the razor quickly 
across it. Aim at cutting the sections as 
thin as possible, for it is impossible to 
see the structures under the microscope 
if they are thick. Cut a large number 
of sections (about fifty) ; then wash them 
into a small dish of water. By means of 
a camel-hair brush, select the thinnest 
and mount it in water on a slide and 
cover with a cover-slip. Irrigate in the 
Tisual way wdth aniline sulphate, which 
will colour the xylem elements yellow. 
(Why?) 

Look for : (1) the piliferous layer, with 
its root hairs; (2) the cortex, composed 
of (a) cortex proper and (6) the 'endo- 
dermis ; (3) the stele, composed of (a) 
xylem (protoxylem and metaxylem), (6) 
phloem and (c) pericycle, all of which are 
embedded in parenchyma. 

Make a low-power drawing of the sec- 
tion, showing the relative positions of 
the various tissues. When making a 
low-power sketch like this, never indicate' 
cells. Just indicate the various groups 
of tissue as irf Fig. 119. 

Then examine the tissues under the 
high power and make detailed drawings, 
showing the ccdlular structure. It is a 
waste of time to draw the whole section 
in detail, Select Just enoiigh to show 
some of all the tissues (see Fig., 120), 
making several separate drawings if 
necessary. 


...glass tube 



shoot 


5. Demonstrate the presence of root 
pressure in a plant. 

Choose a potted plant,, such' As ' 

goniumf with only, one. main stem, v Hace,';' 

the wdiole under water in a sink so that 
the level of the water is about three inches above the surface of 
the soil in the pot. Then by means of a sharp knife sever the 


Fro. 130. Expbbiment 

TO DEMONSTRATB RoOT 

Pressure. 
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HiifKit. ahoiit two mches up the niaiii stem, and, using a piece of 
tiu(‘k ruijher (pressure) tubing, fix a glass tube (about 18 inches 
lotiiTi to the eut end of the stem remaining in the pot (Fig. 130). 
Fiy p(*rformiiiq: these operations under water, air is prevented 
from getting into the vessels, and thus blocking the passage of 
water in them. 

Remove the pot from the sink and fix the tube vertically by 
njeans of a support. Mark the position of the w’aterdevel inside 
the tube, ami mark it regularly for several days. 

Draw the apparatus, desci*ibe the experiment, and record and 
diseuss the results. 

f 

6. Make a large selection of different storage roots and, by the 
\ nriou.s methods described in Chap. VI, test them for food reserves. 

Tabulate the results. 

7. Examine the root system of various leguminous plants, such 
as broad bean and clover, and look for root nodules. Make a 
draw'ing of them. 

Prepare a transverse section of such a root and notice and draw 
tlie swollen, infested cortical tissue forming the nodule. (Specially 
prepared slides, obtainable from various supply stores, are usually 
dosiralile for this, since the bacteria often require special staining 
to l>e clearly visible.) 



CHAPTER IX 
THE STEM 
Work of the Stem 

The chief functions of the stem depend upon the fact that it is a 
j)art of the shoot. It may be looked upon as the axis upon which 
the other organs of the shoot are borne. From its terininai and 
axillary buds, tiowers or branch shoots are borne. As lateral 
appendages to the stem, the leaves develop. Thus in most eases 
the tiowers and the leaves are held up into the air where they can 
best gain access to the chief things they require for their well* 
being, that is, warmth and light from the sun and various gases 
from the atmosphere. 

The stern is also the physical connecting link between the shoot 
and the root. Therefore, all the water and dissolved salts 
ahsor])ed by the root from the soil, which have to pass up into 
the shoot where they are used (especially into tlie leaves), pass 
up through the stem. Also, the manufactured food-stuffs, which 
are made chiefly in the leaves, some of which have to be trans- 
ported to the root, })ass down to it, through the stem. 

As in tlie ease of the root, the same types of elements are used 
for this transportation of water, dissolved substances and manu- 
factured foods. In the stem, the xylem and phloem are anvanged 
(|uite differently from the way in which they are arranged in the 
root. There, the xylem forms a stellar mass and the phloem is 
situated between the points of older wood. In the stern, on the 
other hand, at any rate in the young stem which has not de- 
veloped any secondary thickening, the xylem is arranged in 
several definite and separate groups. Closely associated -with 
each group of xylem is a group of phloem. Thus there are several 
bundles of conducting tissues in the stem. Each bundle is called 
a vascular bundle. 
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In till* (^> 1^11011 dic^otyledoiioiis stern, the vascular bundles are 
amingecl in c:yhndrieal form. Therefore, in transverse section, 
they form a ring (Fig. 131). The parenclnnnatoiis tissue be- 
tween two adjacent vascular bundles forms what is called a 
primary medullary ray. 



Fi«, 13L Diacrammatic Representatiok of mn Traxs- 

VKRSK 8E(’TiON OF A DiCOTyjUEDUNOlUS STEM. 


Examination of a transverse section will show that the stem is 
eompos(‘d of three chief parts : the outer single layer of cells, 
the epidermis ; a hand of tissue composed of parenchymatous 
ceils with large intercellular spaces, the cortex ; and a central 
cvlinder or stele c'omposed of vascular bundles separated by 
primary medullary rays and embedded in parenchyma. Sur- 
rounding the central cylinder is a layer or two of parenchymatous 
cells which form the pericycle. Sometimes the innermost layer 
of the cortex contains abundant starch grains and is then 
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refeiTCM.I to as the Htarch sheath or endodermis and often some 
of the outer layers of the cortex ■ become thickened for extra 
])roteetion. The stele is larger, and the cortical band less mde, 
than in the case of the root. 



Fig. IS2. Transverse Section (High Power) of the 
Vascular Bundle of a Dicotyledonous Stem. 


A more minute examination of the vascular bundle reveals that 
the small-celled protoxylem is nearer the centre of the stem ; 
thus differing from that in the root (Fig. 132). The later formed 
x^dem (metaxylem) is on the outside. Between the xylem and 
the phloem is a tissue of small, living, and very active ceils col- 
lectively called the cambium. This is required when the stem 
begins to become thickened. 
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Secondary Thickening in the Stem 
Secondary thickening depends on the activity of the cambinm. 
During >neh thickening, a complete cylinder of extra wood and 
phlwni is formed, in the primary, that is, unthickened, 


■I ■! m ^ 4 ■ - ' 

XfUm cmkiim i>hlo€m 

Flo. 133. KAEny Staobs in vhe Secondaby Thickenino 
OF A Dicotyleounocs Stem (Diagbammatic). 

stern, the cambium does not form a complete cylinder. The 
first step, tiierc^fore, is the formation of a complete cylinder 
of cambium. 

The original cambium, that is, the cambium between the 
xyleni and the phitH^m of each vascular bundie, is refeiTed 
to as fascicniar cambium. The adjoining cells in the medui* 
larv rays, that is, those on the same circumference as seen 
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ill transverse section (Big. 133), now become modified to 
form more (‘ambimn which is calied interfascicular camliiurn. 
Tims a complete cylinder (ring in section) of cambium is 
formed. 

These cambial cells now actively divide, chiefly towards the 
centre and vice versa, of the stem. Those new cells produced 
tow^ards the centre become lignified and form new xylem ele- 
ments ; and those on the outside are modified into phloem 

elements. Some cells be- 
tween remain unmodified 
and persist as cambium, 
for if all the new cells 
produced by the division 
of cambial ceils were to 
become modified, then the 
cambium would disappear 
and growth in thickness 
would perforce cease. 
Thus the woody cylinder 
in secondarily thickened 
stems is produced. 

The process of secondary 
thickening continues from 
spring to autumn, after 
which it ceases for that 
year. :,'The new wood ves- 
sels produced, during this 
growing season, are large in the spring and gradually become 
smaller towards the end of the season of growth- Thus there is 
a definite distinction between the small wood vessels of tiie 
autumn and the larger vessels of the following spring, giving 
the annual rings in a section of a thick stem or trunk, as 
described in Chap. Ill (see also Big. 134). 

Now' ail the elements of the wood are hard since they are 
lignified, and as the woody cylinder gets thicker and thicker 
through cambial activity, the outer tissues, that is, cambium, 
phloem, pericycle, cortex and epidermis, are pushed further out. 
So these outer tissues run a risk of being cut of! from a water 



Fra. 134. Transverse Section of the 
Stem of Lime in its Fourth Year. 

pf , cortex ; c, cambium ; cr, phloem ; 
(/, end of third year’s growth ; w, pith ; 
pm^ primary medullary ray; pm\ the 
ray expanded in the phloem ; 
secondary medullary ray. 

{After Schenek.) 
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.supi>ly* To prevent thin, certain areas of the cambium, instead 
of prodjicing new xylem and phloem, produce ordinary living 
parenehxma. Thus, periodically, 
throughout the thickened stem, 
radial passages of parenchyma 
may be found, which act as 
]>a.ths for a water supply across 
the stem. These patches of 
living tissue across the wood are 
called secondary medullary rays 
(P'igs. 134 and 135). 

In monocotyledonous stems 
there are many vascular bundles, 
and they take a haphazard and 
tortuous route. In transverse 
section, many are seen, and 
they are small and arranged 
irregularly (Fig. 136). It is diffi- 
cult to conceive of secondary 
thickening, like that in a dicoty- 
ledonous stem, taking place here ; 
and. iiide(‘d, it dws not. With 
very few ex(?e|»tions, the monocotyledonous stem, for example, 
grasses and cereals, is never secondarily thickened. 

Secondary Thickening in the Root 

Bwondary thickening takes place in dicotyledonous roots ; 
but rally in very rare cases of monocotyledonous roots. When 
secondary thickening is about to commence, the parenchymatous 
laycTH immediately outside the protoxyiem and inside the phloem 
iK^come modified to cambium. Then these layers become united 
by further morlification of the parenchyma betw'een, thus, in 
transverse section, producing a corrugated ring. Then secondary 
thickening takes place in a manner similar to that of the stem 
(Fig. 137). ^Medullary rays are also produced, extra large ones 
being formed immediately opposite the protoxyiem groups. 



Fig. 135. Part of a four-year 


oi^D Stem of Pine. 

1, 2, 3, 4, the four annual rings 
of the wood ; b, phloem ; br, 
bark ; c, cambium ; /, spring 
wood ; u junction of 'wood of 
two successive years ; m, pith ; 
m.«», medullary rays ; s, autumn 
wood. 

(After SchencL’.) 
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Cork and Bark 

As seeoiiciary tliickeBing proceeds in the root, and stem, .the 
eoritral cylinder 'of wood and phloem is enla.rging in , diameter, 
thus. pushing the surrounding tissues further outwards. If this 
went on indefimteiy and nothing else happened,, the outer tissues 



Fig. KUt Diagrammatic Representation of a Transverse 
Bix’Tion of a Monocotvledonous Stem. 

Note the large number of vascular bundles. 

W'ould lieeome ruptured. This is prevented by the formation of 
new' cortical cells. 

A cylinder of cortical cells — in the case of the stem, just be- 
neath tiie epidermis (the distance beneath varying with the 
species) in tiie root, just outside the central cylinder^ — form 
another cambium called the cork cambium. 

In the stem, this cambium acts like the w^ood cambium, except 
that the cells produced by it inwardly develop into the new 
cortical cells which are required, whereas those produced out- 
wardly become modified into cork. Now this corky layer is 
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natnrally im]:)ervious to water, so that all the tissues outside be- 
come cut off from a w^ater supply. They therefore wither and 








secondary 
tsid xylem 
pnm^try 
tSi phhem 
jrri secondary 
t-J phloem 


Fig. 137. Early ^Stages in the Seconbary Thickening 
OF A Dicotyledonous Root (DiAORAMMATie). 

form the bark , The thickness of the bark depends on t he original 
depth of the cork cambium. 
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In, the root, the cork cambium produces only cork. No new 
cortex formed. Tlierefore the secoiKiarily thickened root is 
eoni}KKH‘d >o}ely of a woody cylinder, cambium, phloem, cork 
canibimn. cork and bark. The cortex has completely been 
destroyed to form the bark (Fig. 138). 


Creeping and Climbing Stems 

Tlie stem usually grows up, seeking air and, light. It must, 


therefoi'C. be of a reasonable 



FlO. l:ts. PHOTOMrCROOBAPH 
OF A TbaN.SVKRSF SECTION- OF A 
THREE- V ear O.LD RoOT OF LiME. 


BM , fir'll year's wood ; 
spring wood of second year ; 
lK.a.2, autumn wood of second 
year; It.v.a, spring ■wood of 
third j'car ; Cbm,, cambium ; 
■m.r., medullary ray ; c.c., cork 
cambium ; bk,, bark ; Fh., 
pidoom ( X 15.), 

r/’. n, Tilton Ball) 


firmness and strength. But there 
are exceptions to this, varying 
according to the habit of the 
plant to which they belong. 

In some plants, there is scarcely 
any stem at all. Therefore, the 
leaves of such plants must be 
borne very near the soil. In such 
cases, the leaves are usually large 
and overlap each other, the whole 
leaf pattern lying firmly against 
the soil surface. Such leaves 
clearly must be large in order to 
get sufficient light for the manu- 
facture of food. Lying flat 
against the soil and radiating out- 
wards from stem axis, they form 
a kind of rosette ; lienee such 
plants are said to be of the rosette 
habit«(Fig. 139). Two weil-knovm 


examples of rosette plants are plantain {Plantago media) and 


dandelion (Taraxacum officinale) (Fig. 140). They naturally 


take up a considerable amount of soil area, for no other plant 


could lio}>e to develop under their spreading, recumbent leaves, 
and that is why both these plants are considered such objec- 


tionabhi weeds on lawns, tennis courts and golf greens. 



Then, there are other plants which possess the opposite type 
of stem, that is, exceptionally long, sometimes many yards in 
length. As such stems are not thickened in the same proportion , 
one of two things must happen. Either the stem must lie recum- 
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lx>nt on the surface of the soil, a straggling, Helpless structure, or 
it must be supported by something stronger. Both types exist. 
The former is called a creeping stem and the latter exists in 
several forms. 


Creeping stems are not very common (Chap. IV). They are, 
however, present in a few well-known British plants, such as the 
moneywort (Fig. 54) and Abronia.,, a cultivated plant. At the 



Fui. IStl. 'I’hs Rusuttu Habit of PLorjGHMAN\s Shkenard. 
The surrounding plants are ground ivy. 

{Phuto. Henry Ining.) 


; tKxles of fiuc-h plants, adventitious roots are given off, a shoot is 

I foniiMl. and thus a young plant is often produced. 

I In the kind of elongated stem which depends upon some form 

! of support, there are several types. For example, there is the ivy 

I ' with its long trailing stem, sometimes stretching for many yards 

up the trunk of a supporting tree. In this case, the stem of the 
ivy clings to its supports by means of adventitious roots. Other 
i plants cling to their supports by means of tendrils, as has 
I already been seen (Chap. IV). 

I Then there are the well-known types of plants which coil 


» 



EVEKYDAY BOTANY 


1 !«) 


round tlidr supports. They are known as cEmbing plants. Such 
plants are verv prevalent in the luxuriant tropical forests : but 
there are also well-known British types, some of which are 
familiar garden plants. The climbing plant coils round its 
evlindrieal support in a spiral fashion. The support is, inNature, 
of course, the stem of a stronger erect plant ; but often in culti- 



Fifi. 140 . The Rosette Habit and Root System oe 
THE Dandelion. 

{A fter BaiUy.) 


vation it is the branch of a dead tree or shrub, or even string, put 
there for the purpose. 

There are two ways in which a spiral can be formed around a 
cylinder — clockwise and anti-clockwise. Both forms exist in the 
spiral stems of climbing plants. In the French bean, convol- 
vulus and gourd it is anti-clockwise (Fig. 141), whereas in the 
honeysuckle, hop and black bryony it is clockwise (Fig. 142) 
(see Chap. XXII). Usually, in temperate regions, the climbing 
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plants 


are all herbaceous, m in the runner bean : but in the 
the luxuriant growth of elimbmg plants is often formed 
of wockIv — that is, secondarily thickened— stems. In this case, 
they are often called iianes. 

The sterns of many plants are of economic importance to man. 
of them are so familiar that they need not be considered 


Fig. Ml. Co.NvorAULu.s cijmbing an Oat Stem. 

{Vhoio. Menry Irving.) 

here. Others, on the other hand, are much modified, and it 
is due to their nuxlified structure that they are useful. For 
example, the potato bears swollen underground stems which are 
called tulxTs {Chap. IV). Here, much food is stored by the 
plant, chiefly in the form of starch. Thus the potato tuber is of 
great value to man, as has already been seen, as a farinaceous 
food and for several other reasons. Its value depends chiefly on 
the starc^h present. 
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Straw 



The OT‘atest uses of plant stems, however, are fonnd in the 
typevs wliit'b are dead, for example, straw. This commodity is 



formed from the dead and dried vstems 
of cereals, especially wheat, barley and 
oats. Straw has many economic uses 
which ha%^e long been recognised. It 
was probably used in the first place as 
bedding for mankind and as fodder 
and litter for cattle ; and later it found 
a use for thatching buildings. 

To-day straw is used for many 
articles of commerce. For example, 
it is used in mat-making, the stufiing 
of cheaper forms of bedding, the weav- 
ing of hats and baskets, twisting into 
bands for binding >sheaves of corn, in 
various forms of ornamentation, and 
in making pulp for the manufacture 
of paper and cardboard. For paper 
manufacture, the straw is chemically 
treated until it forms a pulp which is 
capable of passing through the rollers. 
In hat- and mat-making, a >special kind 
of straw is used . This kind is jjrod need 
especially in Bedfordshire, Bucking- 
hamshire and Hertfordshire, in Great 
Britain, and also in Italy and China. 


Fm.l4i>. Vorx<^HaNEY- Forestry 

SUCKLE CLLMBIXa A HaZEL 7 

The most useful of all stem’s to man- 

U*M<. Henry Ining,) i ♦ -i .v i • i. t x- i 

kind are those which supply timber. 
The tninks of trees have so many commercial uses, that the 
cutting down of trees is not now a mere haphazard affair, 
but a systematic process. For example, in the early days of 
the settlement of America, the settlers encountered huge forests^ 
80 thick that settlement was quite impossible until some of 
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tlie trees harl been removed. This was done and the wood thus 
obtained was used for Ijiiilding log cabins, constructing stockade.? 
against the hostile Indians, making furniture, etc. The logs thus 
felled were referred to as lumber, since they were not considered • 
to be of very much value. Later on. however, the settlers began 
to realise the value of this lumber, and they even began to 


Fig. 143. A or C.vsAniAN Timber approaching the Mill. 

(Repminced hy kind permission oj the Controller^ H.M* Stationery Office.) 

export it. Thus the great lumbering Ardustry of the United 
States and Canada developed, and to-day it is one of the most 
important industries of that continent (Fig. 143). 

Wood is roughly classified into hardwoods and softwoods. Mis- 
leading though it is, these names do not denote the degree of 
hardness. Hardwoods are obtained from angiospermous trees 
such as the oak ; whereas softwoods are obtained from gymno- 
aperras such as the pine. About 83 per cent, of the woods pro- 
duced by the United States to-day are softwoods, the chief 
plants supplying these being the southern pine and the Douglas 
fir {Pseiidotmga Douglasii). An even higher percentage of soft- 
woods come from Canada. ^ 
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Logging m one. of the most interesting proc^esses in iumbering : 
that is, getting the tree tranks from the region where they are 
fc^lled to the sawmills. In the early days, felling of the trees took 
place in the late autumn and winter, and then the logs were con- 
\an ed to tile liver by means of sledges. During the spring, the 
logs were got into the river, usually by merely sliding them down 
over the hanks and then allowing them to float in liiige masses 
down to the sawmill. Very often they were chained together to 
form huge rafts so extensive that the lumber-men built cabins 
actually on the rafts. At the present time, there is no need to 
wait for winter conditions in order to make use of sledges. In 
the woods themselves, railways have been constructed from the 
scene of the tree-f elliiig to the river. This saves a great deal of time . 

It is quite clear that throughout the ages, the relations between 
man and forests have been many and varied. Sometimes the 
forests 'u ere useful for the trees they produced, and at others they 
were useful as forests ; that is, they were kept for some specific 
purpose*. For example, many forests, for centuries, were kept 
lor the purpose of hunting. No trees were allowed to be felled. 
Tliat happened on the Continent and on these islands for several 
centuries. Some small copses are kept for sheltering game, and 
certain 'woods for harbouring deer, even to-day in Great Britain 
and other countries. 

In the early days of cMiisation, forests were a great drawback. 
For that reason, neari3%ill remains of primitive man which have 
ten discovered came from moorlands and other parts not 
dominated by forests. So also did the early Eg\q)tians, Babylon- 
ians, etc. The tools of early man were too crude to deal with 
the domineering forest lands. Later on, how^ever, as tools were 
developed and man became more civilised, the forests began 
to suffer, for more space was needed. Forests were also a great 
barrier to travel To-day, of counse, except in some tropical 
regions, especially those in central Africa and the valley of the 
Amazon, man has conquered the forests, from this point of view. 

But the wholesale breaking up of forests has gone far enough. 
We realise to-day that forests have their uses, not only as sources 
of woexi for commercial purposes, but also from otiier points of 
view. Therefore, although in some cases cutting a-way the forests, 
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ru!k‘d deforestation, can st 111 go on, in other cases .the planting of 
new havst.s. called afforestation, is taking place." 

Tlius tile subject of forestry lias assumed such gigantic pro- 
portions that it has now IxK'orne an important science, and the 
proiilerns of di‘forestatioii and afforestation have come under 
systems tie oraitroL Even in Great Britain we have recently 
learned the lesson that we must not go on cutting down trees in 
a haphazard fashion. During the War, timber was required in 
great quantities. Naturally, in that state of emergency, deforest- 
ation went on to a great extent. Now, there is a shortage in 
many parts of the country, and a reaction has set in. Gradually 
tlie forests are being replaced by the planting of young trees, 
(*alied saplings, but even this is done i^"stematica% by the 
seientihe forester, who knows where trees tvili grow best, where 
they will do most good, and which tjq^e of tree will suit any 
given locality. 

In 1920 . atfr>restation began in real earnest in Great Britain, 
and n|> to P927 (only seven years) nearly 95,000 acres had been 
atTorested and nearly 400,000 more acquired by the State for 
aflon^station. In the United States, from 1920 until 1932, 
33,fKM.hO(H> more acres had been afforested, so that at the 
prestmt time there are nearly 490,000,000 acres of forest land. 
To-day, in India, the various Government forest estates, where 
certain trees are cultivated for numerous commercial purposes, 
exemi more tlian 45,tHK),000 acres; and then there are even 
more than this number of acres owned by the villages and private 
p<T.sons, f>ringing the Indian foiest area up to nearly 100,000,000 
acres. ' b 

In the large forest areas of the world, the gi^eatest enemy of 
affurestation is forest fires. So serious ar| they that in some 
placavs men are employed specially to fight them and to warn 
others by means of telephone and radio. Insect and fungal pests 
also kill many forest trees annually. 


Physiographical Effect of Forests 
Forests have important effects on soils, climate, etc. There 
is little {evidence that they actually influence rainfall, but they 
certainly do conserve much of the water which reaches the 
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wiil. fii lc‘vc4 (country, also, they clearly act as a gi'cat drainage^ 
system. Owing to this pro|;)erty, great areas of marshland on 
the (\mt\xm\i have recently been drained off by a pi'ocess of 
affon.‘station. In hilh- country, forests prevent a too rapid run 
off of surface water, and tluis help in maintaining a steady streatu. 
flow from the hiiiside, instead of torrential streams during the 
w^et season and a dried-up condition during the dry season. 

Soils tend to break up owing to various actions of the wx>ather. 
This wdil be considered later on (see Chap. XXIII). The break- 
ing up of tlie soil is called soil erosion, and although in some cases 
the process is a useM one, in others it is undesirable. Forests 
tend to prevent soil erosion. The deeply penetrating roots of 
the trees hold the soil rhore firmly in place. This fact is applied 
ill coal-mining areas. There, the very soft rocks, which are 
w^aste products from the mines, are taken by special rail waggons 
and deposited on some w&ste land near by. These mounds of 
waste soon assume such great dimensions that they become 
veritable hills. No more waste rock is then deposited on them. 
But, imfortimately, the rock is so soft that erosion soon 
takes place and there is a danger of the mound slip])ing, thus 
causing what might be a dangerous landslide. This is ]‘)revented 
by planting over the whole of the surface certain trees. Any 
kind of tree wall not do, since the soil which results from the 
erosion of this waste rock is very infertile and naturally very dry. 
The trees lused are certain species of pine, chiefly the Scots pine 
{Pinus sylvestri^ and the larch (Larix eiiropcea). 

The forests, used by man to-day for the wockIs they produce, 
may be roughly divided into three groups. (1) Conifers : these 
are all softwoods and are confined to the cooler regions of the 
glpbe. The main t\^pes of softwood trees are pines, spruces, firs, 
larches, cypresses and sequoias. (2) Temperate hardwoods : 
the most important trees in these forests are oak, maple, birch, 
poplar, elm and beech. (3) Tropical hardwoods ; these contain 
mahogany, ebony, teak, logwood and rosewood. 

Much research work in connexion with forestry is being done 
at the present time all oyer the world. The most important 
centres for such research in Great Britain are at the Forest 
Products Research Laboratory, Princes Eisborough, the Im- 
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fKTijiI Finvstry IiLstitule at the University of -Oxford, and the- 
Feliool of F(m\4vy at the Universities of Cambridge, Aberdeen 
and Edinburgh. 

Grafting 

As has already ])een seen in Chap. IV, many stems, owing to 
tlieir ability easily to prcxiiice adventitious roots, form methods of 
\a‘getative re] )rod notion , for example, stolons, runners, etc. 

There are other nays of reproducing plants vegetatively, 
through the media of their stems ; but these %vays are 
artiiieial in that the\'^ seldom exist in Nature but are only per- 
formed l)y man. They are. however, of^reat importance to the 
nuKiern gardener and hortieulturalist. One of these artificial 
methods is that familiarly known as grafting. 

drafting, as an artiheial process, is of the greatest importance, 
not only to botanists but also to zoologists and medical men ; 
for the })rooess is practised in animals, including man, as well as 
in plants. 

The process involves fixing two pieces of cut tissue together 
iirrnly. with the result that they gradually grow together to form 
one pie(H\ It is useless to choose any two pieces of tissue. 
They must be similar, and they must both be composed of living 
cells. For example, it would be useless to try and gi‘aft a leaf on 
to a root : ndther would two {>ieces of wood, which is composed 
id dead elements, graft together. 

Fundamentally, the grafting involves bringing together the 
cut surfa<‘es of parts of two different plants, so that their growing 
tissues come into contact with each other. Since it is usually 
stems wbidi are grafted, the growing tissue is the cambium, and 
it is therefore necessary that the cambium of one part comes 
into dlrei't (a>ntact with the cambium of the other. Another 
important thing is that only plants wliich are closely related to 
each other can be grafted together. For example, a piece of an 
a|>ple tree cannot 1>6 grafted on to a piece of a plum tree. Two 
varieties of apple can be grafted, or an apple on a pear, or a 
ganlen rose on a dog rose, and so forth. That part of the plant 
which is still connected to the root in the soil is called the stock; 
the other plant used in the process is called the scion or graft. 
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stocks 


Tlu're an.' U\o form.s of grafting common in horticultural ]a’ac- 
ticc. < Hie is callcfl whip or tongue grafting {.Fig. .144). .it i.s best 
UM'd when the stem of the stock and the stem of tlie scion are 
u about equal in diametei*. 

f: I . Both are cut across, diago- 

. nally. A vertktal riotcli:,is' 
made in the stock, 'and the' 
scion is cut more or, less 
chisel-shaped. Then ■■■tlie'; 
tongue of the scion is dove-,:/ 
tailed firmly into the notch 
of the stock, and the joining,', 
portions firmly held together 
with raflia: The wound Is 
protected by surrounding 
the whole with a thick layer 
of wax or 'day . 

The other method of graft- 
ing is much simpler and is 
called splice grafting. Both 
. stock an.d'. scion are ■, cut ae,ross' 
obliquely at about the same 
.angle, and the 'two then fixed •, 
firm.ty together , '.in, 'u" manner''',, 
similar to the above. 

There ai*e several reasons 
for grafting. In this way, a cheap, easily obtained, and vigor- 
ously growing stock can be used on which to graft a valuable 
scion. It is certain that by this method we shall perpetuate 
any definite ty})e of fruit that we need . A very important reason 
for grafting is that fruit and flowers can be prociuced much more 
quickly by this method than from seedlings or seeds. 

Duriiig the winter months, of course, many ty}>es of trees are 
‘ sleeping ’ ; that is, their tissues are carrying on their life pro- 
cesses at a very slow rate* It is clear that in the ease of 
grafting, vigorously growing tissues are required in order that 
the union of the tissues of stock and scion (which involves the 
])r(xIuction of new cells) may take place quickly. Therefore, it is 
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R eady for grafting Ready for binding 
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.L'i'aft trees during the winter.' Spring is the best time 
fur this, ha ’ t him hot h stock and scion are full of health and vigour. 

I’hi* fslai'ing <ff clay or wax around the position of the graft is 
not rmit'h to reinforce the support of the raffia as to prevent 
evaporation from the wound and the entry of disease-forming 
!#acrtu*ia. hi ])ra(‘tiee, varieties of rose are usually grafted on to 
stoi’ks of tiie wild or dog rose. The stock forms a tail, strong 
central stem for the resulting rose tree. In this W’'ay does the 
grafted tree differ from the normal ungrafted rose bush. Such 
graft ec ! t rees a re called standard trees. Varieties of rhododendron 
are grafted on to stocks of the wild variety, apple trees on the 
wild or crab apple, pear trees on the quince, and cherries and 
plums on, their .wild varieties. 

Budding 

In the firaetiee of horticulture, closely allied to grafting is the 
l>rcK‘(‘s.s known as budding. 

The cHscntiai factors in 
grafting ar*e just as potent 
ium*. The prix'ess involves 
taking a single living bud 
of the tree which is to lie 
propagated, and grafting it 
on to the stock of another. 

The bu<i is removed, to- 
gether witli a certain 
amount of the stem tissue 
to which it is attached 
(Fig. 145). This portion 
is roughly diamond-shaped 
and must liave, together 
with the bark, some wood 
and some (‘ambium and 
phkxmi beneath. A vertical 
cut is then made in the 
stoc^k about an inch long 
and g<jing deep into tlie wood. Across the top of this cut a 
horizontal cut is made of about half an inch ; thus giving 



Fjo. 145. Me^od op Buddiko. 

*4, incision made in outer tissues of 
stock ; By bud ; <7, bud inserted. 
iAJfer Fmtief.) 
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H ineision. Tfjen tlu^ corners of this incision are lifted 

with a krnlc an<l the l>u<i inserttHl with the diamond-shaped stem 
jK>rt}on iHmeatli tlie flaps and the \v<K>d of this portion ])ressiiig 
firmly against the WfKxl of the st(K*k. The whole thing is tlien 
iMtund vvitfi ralfia. 

After about three weeks, it will te found that the bud has 
grown on to the stcx*k, and then the raffia should be cut and 
ailowcMi to fall of! in its own time. If it is left tied too long it may, 
through its tightness, do |:>ermanent injury to the young bud. 
Eventually the hud will grow out and produce a branch of its 
own tyi^e. Budding is usually performed later than grafting, that 
is, irk early summer when the bark is easily lifted. In budding, 
care should taken to remove all true buds of the stock else 
they will eventually develop and take much of the food materials 
rising in the stock away from the grafted bud which is required to 
develop. Budding is carried on chiefly in the cultivation of 
roses, plums and |K^aches. 


PRACTICAL WORK 


1. Prepare a transverse section of a dicotyledonous stem for 
detailed examination under the microscope. Almost any stem of 
an annual will servo the purpose ; the sunflow^er is a good example. 

Mount the saction and irrigate with an aniline salt, in order to 
lillitoi tlte woody ti«U08. Examine and draw the whole section 
under the low^ power of the microscope, with the vievc of illustrating 
Vlkfious tissues. Make no attempt, at this stage, to show cellular 
ftmalttim. Note th© epidermis, cortex and central cylinder. Look 
Ibr any layers of the cortex which may be thickened to give addt- 
liotial ilrength. Note th© vascular bundles composed of xylem, 

S lmm and cambium. Note the position of the protoxylem and, 
tn thi% deduce the direction of development of th© metaxylem. 
Cottipait this with that in the root. Not© the pith, and see if th© 
itetn ii iolid or hollow. 

Wlifi mmmim the stem tinder the high power and note th© 
Cilittlar in detail. Make two drawings ; one of the 

apdoffuftl and some of the cortical tissues, and the other of a com^ 
plete va^iilar httudle. 


% In a simliiir way, examine the structure of a monocotyle- 
denoiM item. That of the maisie i® a good example. Under the 
tew p^^wer note the linall si», large number, and irregular arrange- 
ment of rise viiaetilar bundlw. 

UiMky* the high potreTp., note especially the complete, absence 
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3. >iake a t'xainination, by means of transverse sec- 

tinri-., ofa ^‘rondarily thiekeried stern. * A twig of the lime orhorse- 

If nee or four years olti is good material upon which to 

work, ■ 

The \ ariou> stages of secondary thiekcmiiig can be exaniine<I 
%rrv \vi‘H by takinir several transverse sections through the stem 
(T various Hires. The following will aet as a guide ; ( 1 ) near the 
u,pe\ of t fie slioot ; (2) tlie middle of the first year’s growth ; 
(.‘ij near riH‘ fjottom of the first year's growth ; (4) about the 
middle of a later year's growth. 

^lake knv po\v(‘r sketches of the various stages, then examine a 
completely' se(*ondarily thickened portion in detail, and prepare 
dra^vings of tlie various tissues. Note the secondary wood and 
examine tiie \e>sels of the spring and autumn wood. Look for 
medullary I'ays. On the other side of the cambium, note the 
seeomiary phloem, containing certain thickened cells known as 
phkxan fibres. Note how tlie medullary rays widen out in the 
phloem. Near the t,)eriphery, look for cork cambium, and note the 
layers of cork c^ells produced on the outside of this. Further out 
again, the tissues are shrivelled up, since they are cut off from a 
supply of water, and have produced the bark, 

4. In a similar way. examine the structure of a secondarily 
thickened root. 

Field Work 

While on a }>otanical excursion, or taking a vralk in the country, 
look for and examine examples of creeping and climbing stems. 
In the case of the latter, note the direction in wdiich the stems are 
twining around their supports. Note the type of supports which 
such plants choose, (‘olloct a few examples, taking just a small 
portion, if possible, with a part of the support. Draw these 
examples arul describe them when opportunity permits. 

Some twining plants may be seen growing in the garden. 

Those who ha\'e the opportunity should practise budding and 
grafting, either in the school garden or at home. Budding is 
usually performed in July and grafting in March. Suitable 
material should be cliosen, so that good results may reasonably 

expected. 

If there is little opportunity to practice this in the garden, so 
that results could be looked for in later years, twigs and buds 
could be taken into the classroom and the elements of tlie process 
practised there. The great drawback to this alternative is that 
results cannot be obtained. 

Failing either of these, one should try to obtain permission to 
visit a nursery garden or a private garden to see budding and graft- 
ini taking place. 


CHAPTEE X 

THE LEAF 

From the point of view of the well-being of the normal green 
plant, the leaf is one of its most important organs. It is the 
organ whieh is responsible for the mannfactnre of the various 
foods whieh the plant requires. * ** ’ 

External Appearance of Leaf 

The geiKjral external features of the leaf iiave already been 
considered to some extent (('hap. HI). It is composed chiefly of 
a Hattenf^l expansion called the lamina, and very often a leaf- 
stalk or fxitiole. Apart from variety in shape, the majority of 
giwn leaves are similar in their essential features. For ex- 
ample, they all contain chlorophyll, the green colouring matter 
responsible for the manufacture of the food-stuffs — carbohy- 
drates, etc. 

Another imp>i*tant feature of the leaf is the vein. A leaf vein 
is nothing but a vascular bundle, similar to the type that is found 
in the stem. In it is one of the bundles passing from the 
item up through the leaf stalk and into the leal. It is thus 
eoni|K>s6d chiefly of xylem and phloem ; from whicli it follows 
that the function of the vein is mainly twofold. Through the 
a^ney of its xylem it conveys the water which passes up the stem 
from the soil into the leaf, where it is required for the manu- 
facture of food, as a raw material, and also for other purposes 
which will be dealt with later, Secondly, the sieve tubes in the 
phloem of the veins are used for conveying the foo<i manu- 
factured in the leaf, in the form of a solution, down into the stem 
and hence, through the vascular bundles, to all parts of the plant 
where it Is required. ^ 
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Autumn Leaf-fail 


As ih \vi‘ll known, tbe majority of plants wMch are long-living 
|M‘namials are sliriihs, bushes or trees.' In the tropics, tfiese are 
nifsstly (‘vergn^cai : but in temperate regions, such as Great 
Britain, the niajoritv are deciduous. The reason for that is not 
far to Tem|K3rate regions exparience tw^o 'definite seasons 
during the year, namely, winter and. summer. .Winter is not 
( ondmave to the gofxl growth of a plant, since a low^ temperature 
and lack of sunshine have a had effect on nearly all life processes. 
On the otiier hand, summer w’cather is ideal. 

Tfierefnre. the plant enjoys vigorous health and growth during 
th(' summer months, whereas during the winter it undergoes a 
period of comparative rest. Even in winter, how’ever, all life 
|jroeesses <io not cease, else, of course, the plant would die. It 
just (au'ries on the minimum work necessary in order to live, 
just as wtM In wiien w'e are sleeping. 

TlHU'ci'ore during the winter the living plant recpiires the 
minimum amount of food. In fact, it usually manages to store 
enougli fo(,Ml to carry it over the winter ; so there is no necessity 
to (fontinue mariufac taring focxl. For that reason, the food 
factoi-ies are temporarily abolished, and thus the familiar leaf- 
fall of autumn takes place. At the same time, the rise of water 
from the s(.>il, through the roots and up the stem, is temporarily 
abandoned. For one thing, tfiis water is no longer w-’anted, since 
the leaves have fallen, and also it could not rise even if it w'cre 
watuteii. Tliat is because, as will be seen in Chap. XII, the leaves 
are an important agent in the rise of this vitalising sfip in plants. 
Therefore, wiien tlie leaves begin to burst forth again from the 
buds, in spring, the water is drawn up again. That is what m 
meant by the rising of the sap in the spring. 

As is w^eil known, leaf-fall is usually preceded by a change in 
colour of the leaf itself. During the autumn, the leaf gradually 
loses its characteristic green colour and changes into many 
bc3autifu} shades of yellow, brown and red. This gives the 
gorgeous tints which add such a delightful touch to the appear- 
ance of woocllands and forests at that time of the year. This 
change is connected with the chlorophyll. In the autumn, the 
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works Its way acToas it* Kow% Binee all these cells were, originally 
jcsiiHHi iirnily 1o ea(*h other, as they ronnd themsekes off, they 
oaturally heeonie (letacluni from each other. Naturally by the 
time all the cells in a comjilete cross-section of the leaf base have 
clone this, that area is no longer firmly knit together and there is, 
tfierefon^. nothing on to wliich the leaf may hold. Thus, b^^ virtue 
of its own weight, it falls off. 

How'ever, this is not the only process which takes place. If it 
were, it would mean that there would be a bad open w^ound of 
tfiin ])arenchymatous living cells left at the end of the fallen leaf 
base. This is prevented by a process which takes place simul- 
taneously with the rounding off of the parenchymatous layer, 
which is called the absciss layer. 

While the cells gradually become exposed by this rounding-off 
prwessj the layers of cells immediately beneath deposit cork on 
their walls. This goes on at such a rate that, by the time these 
ceils are completely exposed, they are no longer living, but are Just 
thi(‘k cork colls. The result is that, when leaf-fall is complete, a 
iay(T of cork is left covering the wound on the stem. The leaf 
scar seen on a winter twig is really an area of cork, and the 
marks left by the vascular bundles, which originally passed up 
into the living leaf, may clearly be seen. 

Leaf-fail is a very efficient process, for the leaves make 
sure of bandaging their wounds, by manufacturing the cover- 
ing bandage of cork before the wound is made. Thus, the 
wound caused by the breaking off of a leaf during leaf- 
fall is never exposed to infestation by rain and disease-bearing 
bacteria, etc. 

Special Uses of Leaves to Man 

Many leaves are used as articles of diet. For example, green 
leaves are used for helping to keep the blood in a good condition. 
The leaves of plants form a staple diet of many animals, both 
temperate and tropical. 

We ourselves eat leaves in many various forms. Many are 
eaten in the raw state, for example, cress, mustard and lettuce, 
in salads. Cooked leaves are very familiar, such as the various 
forms of cabbage, turnip ‘ tops ’ and spinach. Others are used 
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for piirposes, niieh as thyme, parsley, sage and mint. 

Tfiyna* is o!it* f)f the most useful of herbs. Tiie plant. Thpnas 
mk^ari^, m native to Eurojw?., 'The leaves are used in seasoning. 
Also, irons the leaves, an oil is extracted from which llujynol is 
pn‘pared. Thymol is an important medicine. Parsley is a 
seasoniTig olstained from tlie leaves of Pdrosdinum mfivion, a 
biennial. I’his fslant is seldom found growing wild. Sage 
{Hftlvia qffki nalis) is native to south European countries. To-day 
it is uschI in seasonings and perfume, though formerly it was used 
in the treatment of rheumatism. From the leaves of mint 
{Mfntha riridi^) the well-known seasoning is prepared ; with 
vinegar, etc., it is also used for making mint sauce. 

A w'ell-known leaf, winch will be dealt with later on. is used for 
making the very familiar l>evarage, tea (Chap. X\TI). Tobacco, 
also, is preparc^H^i from the leaf (Chap. XVII). Then there are 
many types of k‘aves which for various reasons are used as 
medicines, etc. {Chap. XVII). 

internal Structure of the Leaf 

Besidc's the framework of the veins, there is a mass of tissue 
w^hich constitute the leaf projier (Pig. 147). All the cells of this 
tissue are usually unthickened, and therefore the leaf is of a soft 
texture : hence, the veins have another function besides con- 
veying water and food-stuffs to and fro ; that is, they act as a 
kind of skeletal support to the tissues of the leaf. 

This is w^ell illustrated by the manner in whieli decidtious 
leaves often dechy after they have fallen. It is frequently pos- 
mhle to find such decayed leaves, especially in wwxis. All the 
soft timies of the leaf have rotted completely away, leaving the 
dried-up veins forming a b<iautiful skeletal framework still 
mapping out the shape of the original leaf. Net venation can 
be studied from such an example. 

The soft tissues are collectively known as mesophyil. The 
mesophyli is covered on the upper and lower surfaces by a layer 
of cells called the epidermis ; the layer on the upper surface being 
called the upper epidermis, and the layer on the lower surface the 
lower epidertnis. The elements which comprise the veins of the 
c«tiiii no chlorophyll ; wither do the cells of the epidermis, 
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exc*ept the guard cells. On the other hand, nearly all the cells 
of the mesophyll contain chlorophylL 
The rnesophyll is composcKi of two tissues of different cells. 
The iippc'r tissue lies against the upper epidermis. This is com- 
pr)S(M,i of elongated, cylindrical cells, arranged perpendicular to 
tfie opidei*mis. Owing to its ap|>earance it is called the palisade 
tissue. It is composed of two to three layera of cells. These 
palisade cells contain by far the most of the chlorophylL On 
examination, it will i>e seen that the chlorophyll is not present 
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'Fig. 147. Transvehsk Section of Fart of a Leap,, passing . , 

THROUGH THE MlDRIB ( X 100). 

Just as a simple green colouring matter dissolved in the proto- 
plasm or the cell -sap. It is actually present in small grains, 
Bha{>ed like flattened oval discs. These grains are called chloro- 
plists, and are not immersed in the cell-sap but are embedded in 
the protoplasm and move about with it. There are more chloro- 
piasts in a palisade cell than in any other cell in the leaf. The 
palisade ceils are not packed closely together. There is a certain 
amount of space between them, which is necessary . These spaces 
between the cells are called intercellular spaces. 

The lower tissue of the rnesophyll is called spongy tissue, owing 
to its spongy texture. It is composed of more or less spherical 
cells which are joined very loosely together, with very large air 






iipac*<v^ lK‘t them. ThuH, throughout the spongy niesophyii 
therc^ is n network of air eimnnels. The oeiln of the spongy 
Tne8(^ph\ll also contain chloroplasts, .Therefore, the w'hole of 
the mesopfiyll, including palisade and spongy tissues, forms the 
sciat of hxMi maiiufacture ; but photosynthesis takes ]>lace to a 
gmiter c‘xtent in the palisade tissue, since it contains many more 
chloroplasts, cell for cell, tlian the spongy tissue does. 

This, in any case, is to Ik? expected in the normal leaf since sun- 
light is necessary for photosynthesis to take place, and the 
palisade tissue in such a leaf is more directly exposed to the sim. 
On the other hand, as has already been seen, much gaseous inter- 
change goes on hetw^een the inside of the leaf and the atmos- 
phere. The spongy mesophyJI is better adapted for this 
function, owing to the many air spaces it contains. The walls of 
the H|x>ngy mesophyil ceils are usually wet on the air space side. 
Thus the various gases required by the plant l)ecome dis- 
solved in this surface water and then pass into the cells, in 
solidim. Then the solution passes from tliese cells to the others 
where it is required. Similarly, dissolved gases pass out from 
the <?ells. 

The €q)idermai cells, since they do not contain any chloro- 
plasts, are not photosynthetic. Actually they are used for stor- 
ing water ; also for preventing evaporation of water from the 
leav^. This latter function is made possible by the deposition 
of what m called a layer of cuticle on the outer walls of the 
epidennal cells. This cuticle is chemically similar to fats, and, 
like those substances, will not allow water to ]:)ermeat6 through 
il* It m usually thicker on the upper surface than on the lower 
suirfaoe of the leaf, since it is from the upper surface that 
evaporation is likely to take place. 

TIte cuticle of evergreens is usually thicker than in the more 
noiTOid leaf. That is because they have to withstand more 
tvaporaliai. This thicker eutide gives such leaves a shiny, 
greaiy appearance, for example, the hoHy. The reason for this, 
loo, k to prevent aaow or €xc«b rain, to which an evergreen is 
subject, from penetrating the epidermis and causing the leaf to 
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grow out to a coosklerable length, tlius, giving rise to hairs. 
Thew may l)e simple, branelied or star-sha;ped {Fig. 148). . 

An interesting ty|>e of iiair prochieed by the epidermis of the 
leaf is that, unfortunately ail too familiar, of the stinging nettle 
(I'riica dioira) (Fig. 148). The tip of the hair contains silica and 



Fio. 148. Types of Epidermal Hairs found on Leaves. 

is therefore brittle. When this is touched, for example, by the 
hand, it breaks off, the sharp point of the hair enters the skin 
and, by the pressure exerted on the bulbous portion of the hair, 
the contents of the hair are injected into the puncture. The. 
poisonous content of the hair was, for a long time, considered to 
be formic acid. This has now been disproved. It is a protein, 
the composition of which.is, at present, not known. 
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Stomates 

It has already Iwn seen how gases leave or enter the cells of 
a leaf : hut, so far, only from the inside of the leal, that is, the air 
spaces of tfje spongy mesophylL Tlie next question is : how do 
the gas(‘s pass from these air chambers out into the atmosphere 
and vi(*e \'ersa ? This takes place via certain pores which are 
present in the epidermis. These pores are called stomates, or 
stomata (Fig. I4h and 150). Each stomate, or stoma, is sur* 
rounded hy two, normally kidney-sha|>ed, epidermal cells, which 



Fra. 149. Sltrfack Views of Leaves, showing the 
Epidermal Cells and Stomates surrounded by thbur 
OUARD' . CeLM. 


On the left, iris ; on the right, potato ( x 70). 

are callex^l guard cells, since they are able to move, as will be seen 
in Chap. XII, and thus regulate the amount of gases passing 
through the stomate. The guard ceils, too, are the s|)ecial 
epidermal cells, which, unlike the rest, contain chloroplasts, 
Bie stomates are directly connected with the air chambers of 
the leaf, and thus a free passage of gases is possible, from the 
atmcBphere into the inside of the leaf and vice versa. 

Moat commonly, of course, the stomates are connected directly 
irill the air spces of the spongy mesophyH. Therefore, as would 
li expected, there are many more stomates per unit area on the 
Iprer iurfwje than on the upper surface of the Imf . Eor examine, 
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in till’ lilan, there are HR),HUO stomateB per square inch on the 
Iravf'F Htsrfaee of the leaf, and only 3 to 10 on the upper surface. 
In f i]C‘ ho!l\\ thc‘re are 03,000 per H(|uare inch on the lower surface, 
and n«)ne on the upper. 

Taking! into consideration the reasons for the various tissues of 
tiH‘ leaf and also the different habits of dilferent leaves, there 
are, as would be ex|>ected, many interesting exceptions to the 
general structure of leaves. They all cannot be considered, but 




Fig. 150. Above, a Diagrammatic View of Part of 
THE Epidermis, showing a Stomate ; Below, the same 
CFT IN Sectkin. 

Note the shape of tlie guard cells which contain chloroplasts. 


a survey of one or two familiar examples will give some idea of 
how Nature knows no hard and fast rules. 

For example, in the case of an upright-growing leaf such as the 
iris, it would l>e pointless to have the palisade tissue on one side 
and the spongy mesophyll on the other, for both sides are equally 
exposed. In this case, therefore, there are two layers of palisade 
tissue, with the spongy tissue l)etween, that is, in the centre of 
the leaf. The stomates, too, are present in equal proportions on 
lK>th surfaces, namely, about 11,600 per square inch. 
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hi tisr* i (*f a water-plant with floating leaves, for example, 
the water-lily, stoinates in tlia normal position, that is, on the 
lower surface, would be worse than Useless, for they not only 
would allow of no actress to air, but they would also cause the 
intvrmil parts of the leaf to be tlofKled with water. In this case, 
therefore, all the stomates are on the upj>er surface. 

PBACTICAL WORK 

1. C liorne a simple form of leaf, such as that of the elm, beech, 
apple, nr ////?/rara/w, an<l examine its external appearance in detail. 
Alnke a ehiir drawing: of the leaf, showing the sw’ollen leaf- base, 
the petiolf* aial the lamina. Examine the type of venation, and 
note how the veins gradually dimmish in size, until the ultimate 
branches are s<‘arcely visible. 

2, Make a detailed examination of the internal structure of a 
typical This is done by preparing a microscope section of the 
leaf, ctit rmnsverstiy. Prepared sections may be used ; but if time 
pt^rmits, it is btUter to make such sections. Naturally only a portion 
of a leaf can bc' cut successfully. Choose a small })ortion of the leaf 
(such as lilac or Hydrangea), which contains some of the mid-rib, 
and fix it between tw^o pieces of elder pith or carrot root, in sucli 
a position that the mid-rib may he cut transversely. Mount the 
section and stain with aniline sulphate. 

Examine, first of all, the wdiole structure under the low power 
and make an orientation sketch of the tissues, noting the upper 
epidermis covenMl with a layer of cuticle, palisade tissue, spongy 
tissue, ant! lower epidermis covered with a slightly thinner layer 
of eutiele. Note also the vaseular bundle forming the mid-rib, 
composed chiefly of xylem and phloem. 

Tfien make two detailed sketches, (a) of the mid -rib embeddetl 
in a sheath of parenchymatous cells and (6) the thin portion of 
the leaf. Here, note the absence of chloroplaste in the upper and 
lower epidermis, a large number in the palisade meaophyll cells and 
a relatively smaller number in the spongy mesophyll cells. Note 
the ihap© of the chloroplasts. 

Examine the shape of the cells of the palisade tissue and note the 
number of layers here. The cells are separated by small air spaces. 
Note the more or less spherical shape of the cells of the spcmgy 
ni«ophyli, and the presence of large air spaces in this tissue. 

S. Prepare a section of a thick evergreen leaf, such as that of the 
lioily, and note and explain the relatm thickne® of the cuticle. 

„ 4. J^tailtd txamfeation of the stomates is best made on 
UMIttirial like that of the irii leaf. 

Jit mffm$ Take a small portion of such a leaf, and care- 
liiiBr the Tftiis comes away fairly easy m a 



tliiru t hiyer. Mount this flat and examine it under the 

high fiHwer of tlie mic*ros<?<»pe. Look for a stomata and draw it, 
u tdi oral of tite surrounding cells. The st ornate is joist a small 
pore, surrotuified by two kidney>.shaped guard cells. Note that 
\\ hrreas the iruard cells (‘ontain ehlon>plasts, the normal epidermal 
cells, in \\hi<.*h they are embedded, do not. 

In section, (’ut a transverse section of the leaf and look for a 
stojunte cut in„seetion, ]Muke a <lrawirig of this structure under 
the high powcT, Notice the sliape of the guard cells and of the 
stornate itself. Note also the large air space in the mesophyll, 
immediately adjoining the stomatal pore. 

5, ^fake an orientation sketch of tlie tissues of the iris leaf as 
smi in the section prepared for Exercise 4^ and also of a leaf 
gathered from the outer twig of a beech tree and from a twig in 
the dense shade near the trunk of the same tree. Explain the 
different types of sections wdiich are obtained. 


CHAPTER XI 

MAXIJIC4CTURE OF.PLAXT FOOD 

OxE f most ini| M.)rtant processes with wliicli ail living things 
are eni seen sec! is the manufacture of the very coniplieated focKl- 
stulT'<-e‘U*rsuhyd rates, proteins, fats, etc. — fromtheratv materia Is. 
In X.atmie this is only possible in the prcvsence of chiorophyll, and 
for that !*«*n>on. green plants are of the utmost importance to ail 
foi‘m> of life. Froni the immediate point of view of the green 
plant, it> leaf therefore is a very necessary organ, for, in its 
caf)aeity as ehioro|)hyll-containing organ, it acts as the food 
fac^or^^ From a liroader point of view, the green leaf is one of 
th(‘ fiiirlamentals of all life, for all life on this earth, either 
< I i ] y o !' i n d i ree t ly , d(‘])en d s u pen it for food . The saying i n 
Isaiah. x\. Tt. tliat " All ilesh is grass,'Mias seientlfic truth in it, 
generally speaking, so long jis * grass ' is taken as meaning green 
plants : for though many animals, including ourselves, do not 
eat ‘ grass.' they feed on animals w’hich do, especially cattle and 
sheep. 

This process of building up food, since it essentially depends 
upon ligiit, is called photosynthesis. 

Chlorophyll 

A gr(‘at deal of our knowledge of chloropliyll has been obtained 
by extracting the pigment from the leaves. One simple method, 
mseful in just showing the appearance of the extracted product, is 
to take a tliin green leaf sucli as that of Tropenolum, Fuchsia 
or Hydrangea and boil it for a few^ moments in water. This 
kills the cells of the leaf, and thus allows the passage of substances 
^out of tliein to take place more easily, since dead cells lose their 
semi-permeable pro|>erties. Then, ail that is needed is a chloro- 
phyll solvent, that is, a sub.stance which will dissolve chlorophyll. 
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A good solvent is ethyl alcohol. If the dead leaf is p.iaced 
in t}"iC3 cold alcoliolj the pigment will gradually dissolve into 
it i' but the process can be c|'uickened by using boiling ethyl 
aleohoL v ' 

Cliloropiiyll is remarkable in that it is bright green in trans- 
mitted light, but red in reflected light ; that is, if the solution is 
held up to the light, with the light shining through it, it is green. 
If, on tlie other hand, it is held up against a dark background, 
with the light shining on it, it appears red. Chlorophyll is there- 
fore said to be green, with a red fluorescence. This property may 
have something to do with its food-manufacturing properties ; 
but what it is we still do not know. 

Extraction of chlorophyll with ethyl alcohol is not a desirable 
methcH:!, if the solution is required for the study of the chemical 
proi^erties of the chlorophyll, for, clilorophyli and ethyl alcohol 
rc?act chemically with each other, so that what is present in the 
solution is not pure chlorophyll, but a chemical compound 
related to it. 

The l>est solution of chlorophyll is obtained by dissolving the 
chlorophyll in acetone. The trouble with this method is that 
acetone will not dissolve out chlorophyll from wet leaves ; and, 
of course, all normal leaves contain a large percentage of water. 
Therefore, the leaves must be dried first. 

The best tyi.>e of leaf to use is that of the common stinging 
nettle (Vrtim. dioica). The leaves are gathered and spread out 
on a floor or table, and allowed to wilt and dry until they are 
brittle. This takes several days. Then they are broken up and 
the pieces placed in an oven for still further drying. Then the 
brittle pieces are rubbed through a hair sieve, thus giving a very 
tine leaf pow^der. From this, the chlorophyll is easily extracted 
by means of acetone. This is the method used by scientific 
workers who wish to make a detailed and careful study of the 
chlorophj'll. 

The chemistry of chlorophyll has intrigued many scientific 
workers for years in the past. Yet our knowledge of its detailed 
nature still leaves much to be desired . The name chlorophyll was 
given to the green pigment at the beginning of the nineteenth 
century : but it is certain that its importance was realised long 
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livfrnv tln.<. since we have it on record that. Xeheiniafi th’ew ex* 
it trniii trreen k*a\'es in H)82 by niean.s of oi!. Hut. up 
tlic of liie present (xmtury, so many workers iiad 

at lacked t ifo prol^lein (if the nature of eliloropliyll and they had 
all .uiven sueli eontlieting results, that it is safe to say our know- 
ledge until tlie twentietli century was very irn])erfe(;t. 

I Then at tiic bginuing of this century a very well-known 
/ efiemist. Professor R. Willstatter, began working on this problem 
/ and other iirohleins in connexion with the chemistry of plants 
and animals. He has showii that chloropliyll is not a single sub- 
stance. f)nt a nuxture of at least foiir— tw*o green and tw'o yelkuv. 
The tw'o grefui |)igments are called chlorophyll a and chlorophyll 
d. diemiealiy tiiey are very complicated. Each of these chloro- 
phx’ils contain tiie elements earbon, hydrogen, nitrogen, oxygen 
and magnesium, and are represented by tlie empirical formulae 
. j^Ig (chlorophyll a) and (chlorojJhyll b). 

I The othe!‘ Uvo |:>igments present in the complete chlorophyll 
'1 colouring matter is a reddish-yellow siilistance called carotene, 

\ and a pale yellow substance called xanthophylL Carotene eon-, 
\ tains carbon and liycirogen ; whereas xanthopliyll con- 

j tains carbon, hy<irogen and oxygen (C 4 oHr^ 02 ). 

So far as we know, the two chlorophylls, a and 6, never exist 
outside tlie green colouring matter of plants ; on the other hand, 
carotene and xanthophyll exist separately in many plants. 
Carotene, for example, derives its name from the carrot, since it 
is presemt in the tap root of that plant, giving it its reddish- 
yellow' colour. Xanthophyll is present in the petals of many 
flowers, though the substance responsil)le for the coloration of 
tlic majority of yellow flowers is something quite different, as 
will he seen later. 

The percentage of the constituents of chlorophyll in plants 
varies with the plants (Fig. 151). On the average, however, 
fresh greem leaves contain 0*2 per cent, chlorophyll a, 0*075 per 
cent, chloropliyll 6, 0*17 per cent, carotene, and 0*03 per cent, 
xanthophyll. 

The foregoing account gives some idea of present-day know- 
ledge of the green colouring matter of plants, the complicated 
substance so important to life. There is a great deal more to be 
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ff »i I j It 1 1 flit . ( 'aroteiif% for example, prol>abIy has- very important 
IfFHjK.fties frotn the point of view of the nutrition of animals, 
mV imr to its relation to vitamins, as will be seen later. Not only 
the funelion of these |:)ig!nents, but also mueh of their physical 
anil ehemieaJ nature still remain problems of scientifie inquiry. 


ihhrophyll a and fa 


c»rotene 


xanth0phyll 


fucoxamhin 


Fia. 151 . Percknta<jk Composition of 1 iomknts in 
CERTAIN Plants. 

I, average green leaf ; 2. green seaweed {67?*a) i I), hi-own 
seaw'ced ; 4 , brown seaweed (Ltiminaria). 

Chlorophyll is the basis of the manufacture of food from the 
raw matc'riais, that is, the process of photoa 3 mthesis ; but many 
other conditions are necessary in order that photosyntliesis may 
take place satisfactorily. 


The Photosynthetic Process 
The fundamental facts governing the process of photosynthesis 
are these : water passes into the roots of a plant through its 
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roots. E\'oiit!ially this passes- ■'up, through the xylem and gets 
Into the c.‘e!!s containing chloroplasts, chiefly the palisade cells. 
Hirauitaiieously. carbon dioxide present in the atmosphere 
passes into the same cells, by entering through the stoma tes, 
passing ah >ng the air spaces of the mesophyil, and hence into the 
ceils in solution in, water. Thus the th,ree necessary elements 
are supplied. Carbon dioxide contains the element carbon which 
is required, and the water supplies the elements hydrogen and 
oxygen. As has alre-ady been seen, these are all the elements 
that are required for the making up of carbohydrates such as 
sugar a!id starch The plant, given the raw materials, and good 
conditioiis. such as light, chlorophyll, etc., can mamifaeture all 
manner of food substances by this wonderful process of photo- 
synthesis. 

Photosynthesis undoubtedly involves many chemical reactions, 
so far unknown. Water and carbon dioxide are taken into the 
plant. From this, simple carbohydrates are built up. From 
these simple (‘arboljydrates, more complex ones like starch are 
then manufactured. So also are fats and proteins ; but one 
comes t(» still more mystery, for it is quite likely that the manu- 
factme of one food from another does not necessarily require 
chlorophyll and light. Therefore, it is only safe to say that the 
simpler foods are directly manufactured by the process of photo- 
synthesis. . ■ ■ 

For example, it is known that the starch present in the potato 
tuber in such great quantities is manufactured in the tuber itself, 
though, of course, not from the mw elements. Tliis is quite 
clear when we realise what we have already learned about the 
^ passage of foods within the plant. The food-stuffs pass down 
through the sieve tubes, but only in solution. It therefore cannot 
pass down as starch, since this substance is insoluble in water. 

Actually, the food passes from the potato leaf in the form of 
soluble sugar. When it gets into the tiil>er it is, therefore, con- 
verted inti) another food, starch, withont the agency of photo- 
synthesis. That is one example of many, in which one fo(xi can 
be converted into another without the help of photosynthesis. 
But it must be remembered that a food can only l)e manu- 
factured, in the absence of photosynthesis, from ayiother food. It 
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viin run or be inaniifaetured directly from the raw materials. 
TiiO nie<‘!]anisms which are involved in the change of one food 
into another will be considered at the end of the chapter. 

P>y lakijtg in water and carbon dioxide for photosyntlietie 
piirf joses. the plant takes in more oxygen than it needs. There- 
fore. dui'ing the processes involved, oxygen is given olf. Tims, 
daring the day, carbon dioxide is absorbed from the atmosphere 
through the stomates, and oxygen is passed out into the atmo- 
sphere. Now, as is ’well known, oxygen is necessar}- to all forms 
of life, both plants and animals. 'On the other hand, to animals 
cs].>ecially, carbon dioxide is nnhealthy. In this way, photo- 
synthesis proves itself again to be a very nsefni process, since 
green plants, besides being the fimdamentai agents in tlie manu- 
facture of food for all living things, help vevj mucli in keeping 
the atmosphere pure by absorbing the unhealthy- carbon dioxide 
and emitting the oxygen, so necessary for breathing and other 
purjwses. 

The observation of this interchange of gases between })lants 
and the atmosphere formed the beginning of the study of photo- 
synthesis in the eighteenth century. It began with Joseph 
Priestley, the well-known eighteenth-century Non-Conformist 
minister and chemist, who did so much work on ' dephiogis- 
ticated air ’ (oxygen). 

During some of his w'onderful experiments on air, in 1771, 
Priestley made a remarkable discovery concerning the gases given 
off by plants. He observed that if a mouse be placed under a 
Iwdl-jar, it finally died. That was because it used u|> all the 
available oxygen which it needed for breathing and also gave off, 
while breathing, carbon dioxide, wliich is poisonous and there- 
helfK^d to kill it. Then he placed under the bell-jar, with a 
mouse, a vessel containing a sprig of mint* In these conditions 
t he mouse continued to live . He concluded from this ex].)t‘riment 
that the mint must give off ‘ dephlogisticated air/ which, of 
(ourse, allowed the mouse to continue to breathe. The mint 
not only supplied the extra oxygen for the mouse to breathe, 
but it also absorbed the suffocating carbon dioxide, thus pro- 
longing the animars life. 
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Conditions necessary to Photosynthesis ■ 

Sev<‘ral iiaportant coiiditions are necessary for tlu^ ]iroees8 of 
f)lH)tf>svi!thcsis to take place* For example, a deiinite amount of 
chlorophyll is essential. 

Carbon dioxide, too, is clearly necessary. The amount present 
in the atmosphere (3 parts in 10,0()(h quite suflieient for the 
process. If more is artificially added to the atmosphere, it 
a(‘tually will increase the rate of photosynthesis. The increase in 
carbon dioxide is advantageous only up to about Id per cent,, for 
if carbon dioxide is added to a percentage beyond tliat it begins 
to have a |>oisonous etlect upon the plant, which soon dies. It 
has been shown that the amount of carbon dioxide in the air has 
a limiting efteet on the photosynthetic activity of wheat. There- 
fore, wheat does not build up so much food as it might. Wlieat 
plants get enough sunlight to use up all the available carbon 
dioxide by the time that the light has reached about a quarter of 
its average daylight intensity. TherefoaeN from the. poiyit of view 
of pkoUh'ipntkeshs, three-quarters of the light on a bright day is 
unnecessary. Of course, this only applies to wheat : in other 
plants the fraction of light used may be smaller or it may be 
larger. 

A good supply of water is also another essential condition for the 
process. Under normal conditions, of course, this is possible. 
But the effect of water supply is mueli more complicated than 
one would at first imagine. Naturally, the conclusion is that 
water is required because it is one of the essential raw materials 
from which the food is made. Actually, however, this is not all. 
As a raw material, it may be said that "water is a chemical neces- 
sity. But it is also a physical necessity, for this reason : the 
photosynthetic cells cannot carry on their function of fowl manu- 
facture unless they are in the turgid condition, and, as has already 
been shemm, a plentiftil supply of water is essential in order that 
the cells may be kept turgid. 

A good temperature is also an evssential feature of the process* 
Plants, like all living things, can only live within certain limits 
of temperature. Beyond 35*^ C. the normal plant cannot live. 
It is usual for an increase in temperature to cause an increase in 
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till' rate of photosynthesis up to about'. C, ^ Up to this limit, 
tlv rate of tlie process is about doubled for increase of 10"^. 
Beyond that limit, the process falls off. 

Light, too, is essential for photosynthesis, for the ]>ro(*ess is 
coiK'enied with absorbing the radiant energy of the sun. A good 
light intensity is best, and that is why most plants thrive better 
in plenty of sunlight rather than in subdued light. 

There are several other conditions which affect the process of 
]>hotosynthesis ; but the ones which w^e have considered are 
sufficient to give us some idea of liow much this process depends 
upon certain conditions. All living processes are like that . They 
all must be subjected to certain conditions, in order to carry on. 

Knowing such conditions is a great help in the cultivation of 
])Iants and also in understanding why plants behave differently 
in different parts of the world. For example, the conditions 
governing photosynthesis help, in part, to explain why the vege- 
tation of the tropical forests is so luxuriant, and why the plants 
individually are usually, so well developed. There, the sunlight 
is so much in excess of that of temperate regions, and increased 
light intensity gives an increase in the process. There is, too, a 
plentiful supply of water ; but, best of ail, of course, there is 
a very satisfactory temperature. 

These conditions also partly explain why many green plants 
must he grown in such a position that they get the maximum 
sunlight. This is usually on a sloping land facing south, in the 
northern hemisphere : if they are grown on land facing north, 
there are two adverse factors brought in, namely, a reduction in 
ligld, intensit;^' and a reduction in temperature owing to ex])osiire 
to the cold, northerly winds. 

Such conditioning factors also explain why green plants cannot 
be grown indefinitely in the dark. Closely connected with this 
is another interesting fact. The process of photosynthesis de- 
pemds upon light in two distinct wuys. One has already been 
seen in that it does not matter if all other essential conditions, 
including the presence of chlorophyll, are there ; if light is not 
present, the process cannot take place. The other is just as 
important in that, if there is no light, the plant cannot make its 
chlorophyll, wffiich is so necessary* That is, light is essential for 
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the ifHiNufiwiitre of ehlorophj.il, ■■.as. well as for the act hit n of the 
eliloro] »li yll That exp.iain-s w.hj bulbs, wlieii they are allowed to 
.sia)o! \ti the eellar during the winter, show a sickly yellow shoot ; 
but a fVw days after they .hare .been exposed t-o the light, the 
shoots turn green. Again, if a stone or a plank of wocxl be placed 
on a luwn and left for a few days, when it is lifted up 
again tlie tirass beneath it will be seen to have turned a yeilowisli 
eolour. This gives some idea of the importance of light to the 
well- being of all life on the earth. 

Products of Photosynthesis 

The |jroducts of photosrathesis are many and varied. But 
they are not all mtide directly b}' the process. Probably the first 
to be made from the raw materials is glucose, a carfooiiydrate. 
After t Ills stage, photosynthesis itself perhaps plays no further 
part. From the simple foods made in this way, all the other, 
focxls, s\ich as cane-sugar, starch and the proteins and fats, are 
built up by tlie mysterious activity, of protoplasm. 

All plants do not make all forms of foods. For example, some 
plants make a large amount of fat, othei*s proteins, chiefly for 
storage, as was seen in Chap. VI. Alany, such as the potato, 
bean, H tjdmrajea , etc., manufacture starch. On the other hand, 
some, such as the onion, hyacinth and iris, never mamifaetiire 
starch. 

The paramoimt importance of chlorophyll as a source of 
energy can scarcely be overestimated. It was certainly the key 
to coal production in the distant past ; it probably^ was the key 
to oil j)roduetion as w*ell (see Chap. XIII) ; yet little really is 
known of the physical and chemical nature of chlorophyll and 
its photosynthetic activity. Nevertheless, work on this problem 
is still going on in Great Britain and other parts of .Euro}>e, and 
in the United States, 

Enzyme Action 

The next question is : how do plants manufacture one food 
from another ? This brings up a very important question, for, 
as has already been seen, once photosynthesis has made the 
simpler foods, it is probably no longer necessary for the building 


223 


MAXrFACTrRE OF PLANT FOOD; 


lit j of nior<‘ {'omplc^x omn. Therefore,, it is', possible for animals* 
a.s well an plants* to convert one food mto anotber. This ability 
let (;on\‘ert food is peculiar to all living things, and therefore in- 
volves many rpiestions of the utmost importance. ■ 

ft is all a question of chemical action and reaction. For 
example, starcfi can be converted into the sugar, glucose. It is a 
vtry complicated process and takes place in several stages : but 
tise t wo clicmicals that are required to react are just water and 
Ktarcli . Given these two substances, thex" will react together and 
j>rcKlu(ie glucose. ’Nothing else is esseniially required. There- 
fore, if some starch be placed in w^ater and left for a time, glucose 
will i>c‘ ]>rodueed. But this is a very slow process, and if a 
tumhierfui of the mixture were left for weeks on end, at the end 
of that time there wmuld be not enough glucose present to cause 
any |HTeeptibie sweetening. 

This would be far too slow for a plant or an animal : so the 
question is : how do living things speed up such processes ? 
Weil, how are chemical processc^s accelerated in the laboratory ? 
For example, oxygen can Ix^ prepared by simply heating potas- 
sium chlorate ; but thivS is a slow process, so some manganese 
dioxide is usually added, and, although at the end of the reaction 
all the manganese dioxide is still present, the reaction has taken 
place at a very much quicker rate. 

8o also can the conversion of starch and water into glucose be 
made to take place at a sjieed many hundreds of times greater 
than it ruirmally wmuld. This is done by adding a few ^Irops of 
fiydn.K.*hlonc acid, or almost any other a<nd, and heating it. But 
th<‘ acid is not used up in the reaction. 

This s|ieeding up of chemical actions by adding a certain sub- 
sta?icc is called catalysis, and the substance which is added, but 
not a(*tually used up, is called a catalyst. Therefore, the 
manganese dioxide and the axnd in the above two reactions are 
catalysts. 

Now plants and animals have many such catalysts jiresent in 
their bmlies, usually in their protoplasm, since such catalysts are 
j3r<K;luc6fi by the protoplasm. They are not simple substances 
like hydrochloric acid, but very complicated su})stances, prob- 
aWy of the nature of proteins. They are called ensymes. They 


arr Ver\ ofr<ai spt*eifie for a certain reaction, that is, they will 
iauTv up nne nnidion, lait not anotlier. For example, tlic 
eir/yme {sr<*s('nt in plants which helps in the split tin, tr r)f stanch 
into NUL^ar will not help, in any W’ay, the splittin,^ up c>f a fat or a, 
[H‘otein. I’herefure, for all the living processes going on in the 
et.*lh inariy of which involve the ehemieai change of one substance 
intc} another, there must be many different enzymes. 

Inhere i.N on<' very good example of the action of enz\unes in the 
human body, namely, that of food digestion. The cliief focxls 
whi(*i! we eat are carbohydrates, proteins and fats. Xow% these 
liave to he got riglit into our system, and passed throughout it. 
This Is done hy means of the blood stream. The food ])asses 
from the mouth into the gut, tlien it has to be absorbed through 
the walls of the gut into the blood vessels. In order to (lo this, it 
has to ])ass through several la^^ers of cells. Of course it can only 
do tiiis ill solution. This is easy enough for such substances as 
sugars, for they are soluble in the water ; but for insoluble foods 
such as starch, feats and nearly all jiroteins, it is a different matter. 
Since sucIj foexis are not soluble, they must lie made solulile first, 
and this is done by the so-called digestive juices containing 
enzymes which convert the insoluble foods into soluble ones. 

Plants, too, (•ontain many enzymes for the conversion of one 
food into another. Only a few^ can be considered, however. 

Lipase is an oil-splitting enzyme. It converts fats into soluble 
substances. Naturally therefore it is present in the plant cell 
for the pur}>ose of helping the various chemical life reactions 
where fats are involved. Just as one w'ould expect, this enzyme 
varies in quantity, and is present in larger quantities where fats 
occur in abundance. For example, the seeds of Rkkms, the 
eastor-oil plant, store the oil in great quantities. lipase, there- 
fore, is very much in evidence in the living cells of such secxls. 

Diastase is a very important enzyme which is responsible for 
the splitting up of starch into sugar in plants. Now this prociess 
of starch disintegration is a very complicated one and takes 
place in several stages ; therefore, diastase, in order to help the 
various stages, is probably actually a mixture of enzymes rather 
than a single one. It is present in all leaves which manufacture 
starch duiing photosynthesis, and also in other plant organs 
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wli’Yi ^trirrh is fouiKl, especially starch -.storing organs such as 
tli*‘ putato Itiber. 

h has lK‘f*n found that the tuber of Jerusalem artichoke yields 
I \i rilent sugar from the stareh it contains/ by the aetioii of 
dfast.i>e. Trials are still h(*ing earned out on it and, if fa.voural)Ie, 
tluA; plant may be oxten.sively cultivated in Ireland for the pur- 
pfjse. The leaves, too. make good food for farm animals, 

/fust as there is a large number of proteins, so also is there a 
[iU'ge numlxT of enzymes whieli assist in their disintegraticai. 
lliev aie of very wide oec'urrenee throughout l>oth the plant and 
the animal kingdoms. A general name for the whole group is 
proteases. ■ , * 

There are thousands of chemical processes taking place within 
ail Hi'ing plants and animals. The majorit}" of these take place 
within the ]i\ung protoplasm of the cell. Also, there are many 
’which are sytceial to a certain |>lant, with the result that such a 
plant contains a special elumncai. Nearly all the chemical 
reactions thus eonne(‘ted with life, whether general or special, 
are tisuaily a.ssist(‘d })y the ])resenc0 of enzymes. Tlierefore, 
enzynu^s are not used only for the breaking up of com|>licated 
food-stuffs into simpler, soluble forms. 

For exam])I(\ the }'east plant contains a very specialised 
enzyme, zymase, wdiieh causes wdiat is called fermentation, that 
is, the reaction of water with sugar to form carbon dio.xide and 
ethyl alcohol (see Chap. XIII). 

Another example is the enzyme called rennin. This enzyme 
aids the curdling process in milk, and is therefore of commercial 
importance. For this pur})ose it is extracted from the gastric 
jtjice of calves, and very often is referred to as rennet. Now, if 
milk be allowed to stand for .some time, it will go sour and 
gradually curdle. Thus cheese is produced. The liquid left from 
the curd is called whey. But this natural process is not a satis- 
factory one, since the curd does not separate very well from the 
whey. Therefore, by the addition of the enzyme rennin, the 
separation is more complete and better cheese is assured. 

An important group of enzymes are those which’ are con- 
nected with the various processes of oxidation which take place 
in living organisms. This group of enzymes is called oxidases. 
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The turning l)rown of the cut 'surface of an apple is due to the 
exposure of tlie oxidising enzymes in the cells, which then aece- 
It'ratc certain chemical reactions resulting in the production of 
t!ic^ brown material. Many fruits cut up for salads, etc., turn 
dark like this. The colouring can be prevented by sprinkling 
lemon juice over the cut surfaces, since the acid lemon Juice in- 
hibits the action of the oxidases. 

Reversibility of Enzyme Action 

The action of enzymes is often reversible. This means that an 
enzyme can not only convert one compound into another, but it 
can also build up the former compound agaih. Thus, diastase 
is capable of aiding the conversion of starch into glucose ; also 
it can aid in the building up of starch from glucose. This under- 
lies the processes in the potato plant w’hieh give the tubers their 
high vstarcli content. Starch is manufactured in the potato leaf 
b^\' photosynthesis. By the activity of diastase in the leaves, the 
starch is converted into glucose, so that it can dissolve in water 
and pass down through the sieve tul>es to the tu her. This 
usually takes place at night. Then more diastase, present in the 
parenchymatous cells of the tuber, build up the glucose again into 
starch, by a reverse process, so that it can be stored in its in- 
soluble form. 

Anti-enzymes 

Enzyme action, though it is %-^ery useful ami, in fact, 
necessary to all living things, could also prove a great evil in 
other cases. For example, since meat is digested in the gut of 
the animal, by certain digestive enzymes whicli have already 
been considered, why do not these same enzymes help in digest- 
ing the very gut itself, since the gut is composed of substances 
similar to the food being digested ? This ad\'erse effect of the 
enzymes, however, is prevented by the presence of other com- 
plicated substances called anti-enzyxnes, which stop the action of 
enzymes. The anti-enzymes, in this case, are in the cells of the 
girt, so that while digestion can take place in the tube of the 
gut, in the wall itself it is quite impossible. 
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h Mik*’ «‘Xtrarfinn of chlorophtli from ^reeri loave:^. 

‘ftsiii Imno,- -iMHifd bo ehosc^n, such as those ot Tmptmlnm or 
/ A, /'•■’u. Fu-t i>r alb kill the leaves by iinmc'rsing for a few 
a.onue- in i)MiliuL^ water. 'I’hiai place a large test-tube, about half 
InH uiifi rtliyl a!e«>hob in a vessel containiuir water which has just 
hnifiMi. but h<‘ sure that the burner has been removed. 
ImuH'tse tlif killed leaves in the alcohoL Note how the leaves 



Fan ir>2. Expeiument to prove that (Jiilorophvll is 
XKOKSSAHY FOR PhOTOHYNTHESIS, ; . 


On the a variegatetl leaf, showing the gn^on part 

{shadfHiS atal th(^ whih^ part (unshaded); oti the right, the 
same leaf after the iodine test for starch, showing the area 
which has reacted positively (black) and the area which has 
reacted ra‘gatively(w'hite)- 


gradually lose their colour owing to the alcohol dissolving the 
chlurfiphyll. Write a description of the experiment, fully explain- 
ing all the steps taken tind the results obtained. 

2. ^lake an extract of chlorophyll in acetone from nettle-leaf pow- 
der. I^repare the leaf powder in the manner dleseril>c;d in the text, 
then place some of it in a funnel fitted with a filter paper. Hiowly 
add the acc^tone and collect the filtrate in a beaker or test-tul>e. 
The filtrate is an acetone solution of almost pure chlorophylL De- 
scribe theexperimetit and results, and fully describe the fluorescence 
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as seen by looking throiigli the solution held against a dal’k back- 
ground, 

3, Show that some** green leaves are capable of manufacturing 
the carbohydrate starch, by means of photosynthesis, CTioose a 
leaf of the potato, Fuchsia, *ov lilac and treat it as in Experiment 1, 



Fig. 153. Experiment to prove that a certain Con- 
stituent OP THE Air is necessary for Photosynthesis. 

Above, a leaf with part of it^ surface smeared with vase- 
line (shaded) ; below, the same leaf after the iodine test for 
starch, showing part which has reacted positively (black) 
and part negatively (white). 

until it becomes whitish through loss of colour. Then subject it 
to the iodine test for starch. Perform a similar experiment, using 
onion or hyacinth leaves^ 

Record this experiment and account for the results. 

4. Prove that chlorophyll is necessary in order that photo- 
synthesis may take place. Perform an experiment similar to 
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Exf H*rinu*nt <*hoosin^ some type of thin varieyjaf e(i leaf. In t 

type nf laaf. there are certain areas green with chlorophyll and 
fithers devoid of chlorophyll (Fier, 152)* 

Note that the' green areas give a positive starcli reaction, 
wliereas tiie wliite are^is react hegatively, Beeord and explain 
these results.. 



Fig. 154. Experiment to prove that Carbon Dtoxtiie 

IS NT3CESSARY FOR PHOTOSYNTHESIS. 

On the right, the plan of the rubber stopper to show how it 
is borod and split before use. 

5. Prove that a certain constituent in the air is necessary for 
photosynthesis. Choose a green leaf (do not remove it from the 
plant} and smear some vaseline over a portion of its area ( Fig. 153). 
Do this on both sides of the leaf, making the areas coincide with 
each other. Allow the leaf to remain in such a condition for about 
two days, then take it off the plant and remove the vaseline* 
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Subject the leaf to the iodine test for starch. Hecr;rd and explain 
file ro;sults obtained. 


6. Pro\(? that the constituent of the air necessary to photo* 
synthesis is carlion dioxide. Fix up the apparatus as shown in 

Fig. 154. Make sure that the 



r 


Fig. 155. Experiment to show 
THAT Light is _ necessary for 
Ph otos ynthes isl 


rubber stopper is fixed firmly, 
and smear vaseline o\'er the sur- 
face of the stopper to prevent 
any air entering the vessel either 
between the stopper and the 
neck or the stopper and the plant 
stem. Place the apparatus in a 
warm room near the window, or 
under any conditions such that 
photosynthesis can take place 
freely. Leave for two or three 
days, then perform the iodine 
test for starcli on a leaf from 
that part** of the twig inside the 
vessel and also a leaf outside 
the vessel. 

Realising that caustic potash 
absorbs carbon dioxide rather 
freely, fully explain the results 
obtained. 

7. Show that a good supply 
of Avater is necessary for photo- 
synthesis. Place a potted plant 
in a dark room for forty -eight 
hours, so that at the end of that 
time there is no starch present 
in the leaves. Then remove two 
leaves. Stand one in water and 
place in the light ; put the other 
in the light too, but do not 
supply it with water. After 
about eight hours, test both 
leaves for starch. Record and 
explain the results obtained. 


Top left, a leaf, a portion of which 
is covered by two corks fixed with 
pins ; top right, side view. Below, 
the same leaf, tested for starch 
twenty-four hours afterwards. 

other on the surfaces of a leaf 
care not to crush the tissues of 
moving the leaf from the plant, 
and towards the end of the day, 


8. Show that light is neces- 
sary for photosynthesis. Choose 
two small corks equal in size, 
and by means of a couple of 
pins, fix them opposite each 
as shown in Fig. 155, taking 
the leaf. Do this without re- 
After about twenty -four hours 
remove the leaf and test it for 
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j^t.arcli by mean.;!? of t!ie iodine test, Alake a .■drawing of the result 
and. oxplniu it. 

9. Show that green ncfiiatic plants carry out photosynthesis. 
There is nonnall\" sidTicient earl»on dioxide tli’^solvetl in water to 
supply such subinergefl plants. CIkjosc some fresh, green Oanafliari 
pondweed {Eiodca cantxclcifsis) 'and place it in the apparatus 



Fra. 156. Expekiment to dkmonsthate PnoTosYXTJiEsm 
IX AN AQ'0,ATI0 ■■.?!. ANT.- 

N,B. This apparatus is more ea.sily assembled completely 
under water. 

as showm in Fig. 156. Q’he apparatus should be sot up com- 
pletely under water, in a sink or bucket. Then, when it is 
removed, the test-tube is full of water. Place tlie apparatus 
in bright sunlight. Notice that small bubbles are given od 
periodically at the cut ends of the pondweed and collect in the 
top of the tube, gradually displacing the water. When a Huflieient 
supply of the gas has been collected, remove the test-tuhe and 
test the gas with a glowing splinter. The gas proves to he oxygnu. 
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Des</!-ibo th(? experirneat fiiMy,, and explain why the gas eoileeted 
is oxygen. 

XJL — Yliis is a dihicult experiment to perform unless goo<l 
fre.sli sprays rjf tlie'plant are chosen, and it is a briglit, warm day. 

10. Demonstrate the activity of the enzyme diastase. Gen*- 
inijiate about a hundred barley grains. When the roots are al^oiit 
one inch long, grind the whole of the seedlings in a mortar. Then 
boil enough .starcli to cover a sixpence in a little more than a 
cupful of water. Allow* this to cool mitil it is about lukew^arm. 

Barley seedlings contain diastase, therefore the extract of the 
seedlings obtained in the mortar contains this enzyme. Add ail 
tlie exti'act to the starch paste and keep the wdiole just lukewarm. 

Test this i nix t are at frequent intervals for starch, by adding 
iodine solution to a drop of it. Keep a record of these results^ 
After a time, no positive reaction occurs, thus showing the 
a bsei) ee of st arch . Then test the wdiole solution for sugar by means 
of Feh ling's solution. 

Discuss these results. 


p 




CHAPTER XTT 

TRANSPORT OF .WATER AND FOODS WITHIN 
THE PLANT 

It is very common in greenhouses in the early morning, and 
especially when it is very cold outside, such as during frosty 
weather, to find that the inside surfaces of the glass v’alls and 
roof are covered with water. A similar effect can be obtained by 
placing a potted plant, liearing plenty of green leaves, beneath a 
glass pot or beli-jar. After a few hours, it will be seen i hat water 
is being condensed on the inside walls of the jar. This is because 
water is being given off by the plant. We cannot see the prex'ess 
taking place because the water is being given off, chietly from the 
leavers, as water vapour. Then, w’hen it comes into contact with 
the cold glass surface, it is condensed into liquid water. 

This process of giving off water into the atmosphere by plants 
is called transpiration. All terrestrial plants (that is, plants 
which grow^ in the soil, as opjiosed to water plants) transpire. An 
oak tree may give off 150 gallons of water in one day. Tiie pro- 
cess, unlike that of photosynthesis, takes place niglit and day, 
but at varying rates. 

Transpiration Stream 

It has already been seen that the origin of the water in a plant 
is the soil. It is clear, therefore, that there must he a passage of 
water from the soil, through the roots, into the stem, up through 
the vessels in the stem, into the leaves, and hence out from the 
leaves into the atmosphere as water vapour. Thi>s stream is a 
constantly flowing one, and is referred to as the transpiration 
stream. 

It is quite clear that all the living cells of the plant need a 
plentiful supply of water. The amount of water ah«orl>ed in a 
h2 233 


234 


EVEEYBAY BOTANY 


few mirmtes by the plant, from this point of view, however, 
should satisfy it for several hours, so why is the passage going on 
■continually ? 

The water absorbed from the soil is not pure. It is essential to 
the plant that it should contain certain mineral salts for the sake 
of the plant’s nutrition, Kow, the amount of nutrient salts in 
soil water is very small. Therefore a considerable amount of the 
soil water is required in order to supply a suiEcient amount of 
dissolved salts. This, therefore, is one reason why so much more 
water is taken in by the plant than is actually required. Another 
reason is that ail the living cells in the plant need to be constantly 
irrigated with fresh water in order to carry on their life processes. 
If they are not well supplied with water, there is a risk of the 
cells becoming plasmoh'sed, and then they cannot perform their 
functions to the best advantage. 

Apart from all this, however, it is necessary that there be a 
constant stream of water taking place within the plant. This 
stream must go, not only in an upward direction from root to 
leaves, but also in a downward direction. Water must also pass 
out constantly to all branches and the various plant organs, and 
back again. 

Such a stream is necessary in order to cany all the various food 
and other substances which the plant requires in its various 
parts. For example, the green leaves themselves require water 
as a raw food material, and they also require the mineral salts 
which are dissolved in that water ; hence the ixpward stream of 
w^ater from the roots, through the vessels of the xylem. Then, 
all the living cells, even in the lowermost parts of the roots, 
especially the actively growing cells, must have manufac- 
tured foods : hence the downward jxassage of w^ater, containing 
the dissolved food substances, through the sieve tubes of the 
phloem. 

Consequently there is a continual stream of water passing 
throughout ail the plant tissues, acting as a kind of canal system 
for conveying the various substances within the plant from one 
part to another. This is similar to the blood stream in animals, 
with the exception that the same blood is being utilised over and 
over again. If extra blood is needed it is manufactured by the 
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aiiirnal itseif, chiefly by means of thelivef, whereas the water in 
tlie plant Is constantly being given.off -by the leaves and jirst as 
constantly beiiig rene\ved from the soil. 

Evaporation and Transpiration 

The general structure of leaves offers a splendid mechanism 
for evaporation of w^ater, wliicli is the fundamental Ijasis of 
trail spirat ioin From the wiiIls of the cells of the leaves the water 
evaporates into the atmosphere. 

This evaporation can take place, of course, by two routes, 
tlirough the stomates or through the cuticle which covers the 
epidermal cells. Now^, the cuticle is composed of substances 
related to fats, therefore it will not allow water to pass through, 
it easily. Yet, in spite of this, a little evaporation does take 
place through the cuticle. This is called cuticular transpiration. 
But by far the majority of the water is transpired through tlie 
stomates. This is called stomatal transpiration, and accounts 
for 80 to 97 per cent, of the normal plant's water loss. There are 
exceptions to this, however ; for example, in the tropi(;ai rain 
forests, W’here there is always a plentiful supply of water, the 
plant can afford to transpire almost any amount. Here, tliere- 
fore, cuticular transpiration is almost equal to that of stomatal. 

Action of Stomates 

The niesophyll cells of the leaf abut on to air spaces. Water 
pjasses through these ceils, and on the outer walls of the (jells it 
forms a thin film exposed to the air spaces. Here it evapo- 
rates into the spaces, and then it passes through the stomatal 
pores. 

Now, if these pores were all fixed in size, the plant would have 
no control over the amount of water which it ’W'ould lose by trans- 
piration. But, as it happens, the plant can control the size of 
the pore of the stomate to a certain extent. This is done by the 
motion of the guard ceils which surround the pore. Each guard 
cell is capable of moving slightly towards the other, and thus 
nearly closing the pore. It is also capable of moving away, thus 
opening the pore. 


2:tli 


EVERYDAY BOTAYY 


Naturally, certain conditions sometimes arise when the plant 
is experiencing difficulty in getting a sufficient water supply, for 
example, during a period of drought. In those circumstances, 
the guard cells of the stomates move towards each other, thus 



Fig. 157 . Diagrammatic Bepresentation of the 
Action op Guard Cells. 

The deeper shading indicates the position of the guard 
cells when the stomate is open, and the lighter shading their 
. {position when the stomate is closed. 

closing the pores. In this way, loss of water by transpiration is 
very much reduced. If, on the other hand, a plentiful supply of 
w'ater is available in the soil, the guard cells move away from 
each other, thus opening the pores to their utmost capacity 
(Fig. 157). 

Conditions affecting Transpiration 

Just as certain conditions affect the rate of the evaporation of 
water in ordinary circumstances, so does the process of trans- 
piration depend on certain conditions . These are very important, 
especially to the gardener and farmer. 

One very important condition is the humidity of the atmo- 
sphere, for water evaporates at a much "greater fate in a dry 
atmosphere than it does in a very humid one. When the air 
becomes very dry, therefore, the stomates reduce the size of 
their pores by the action of the guard cells. 

A very potent factor in governing plant transpiration is wind. 
Evaporation is greatly enhanced by wind. This condition is 
also bound to affect transpiration from the plant leaves. In 
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exfioscd |)laces, therefore, plants are' liable to suffer from 
sh'e transpiration due to exposure' to the wind. Ctardeiiers 
take this into consideration very often by planting delicate and 
sii.s<'eptil>]e crops near high walls, where they will be s])elterc<l 
from the w inds. High hedges, too, on cultivated agrienlturai 
lands ha\'e a similar effect in protecting the young crops from 
excessive wind action. Very often, gardeners actually protect 
tlieir crops from excessive transpiration due to wind by living u]) 

* wind-breaks ’ on the windw*ard side of the crops. These breaks 
are iistially made of reeds or branches. This is a very common 
sight in that part of France where the W’ell-knowii ])iercing 
and bitter wind called the mistral sweeps dowm to the Gulf 
of Lions. 

Light also affects transpiration in that it increases the process. 
Therefore, transpiration takes place at a greater ratc^ during the 
day than during the night. 

The w^ater absorbed w'hich does not finally pass out by eva^>or- 
ation can be accounted for in several ways. Some pass(‘s into 
living cells, on the ww' up, to take part in the many (‘hemical 
processes in those cells. Some is used in the chemical ]>roc(*sses 
involved in photosynthesis, wiiich is going on in the chlorophyll- 
eontaining cells. A large quantity goes to form the dowmw'ard 
current in the sieve tubes of the phloem, thus acting as a con- 
veyor of food and other snbstances throughout the ])lant. 

Mechanism of the Transpiration Stream 

Now, equally as important is the problem of how a plant 
manages to get the water to its highest leaves, it d<H‘s not 
matter so much in the case of a low-growing plant ; l)ut in the 
c*ase of trees w^hich grow?- to a height of several hundreds of feet, 
wiiat are the forces which send the water from the soil right up 
to the leaves at the very top ? 

This is a ])roblem which is still awaiting solution. Many sug- 
gestions have been made throughout the history of the study of 
the subject ; but not one has l^een actually proved. Thert^ is 
one suggestion, however, w^hich seems to explain the phenomenon 
better than any others. 

All chemical substances are composed of molecules, if two 




23H 


EVEBYDAY BOTANY 


TOoieciiles are hi'faiglit close to each other, they set up a definite 
attraction, with, the result that they tend to move towards each 
otiier. This is the case between two molecules of the same sub- 
stance or two molecules of different substances. For example, 
two molecules of water exert an atti’active , force between each 
other, which tends to bring them together, also a molecule of 
water and one of, say, carbon dioxide exert an attraction. The 
attractive force exerted by two molecules of the same substance is 
called cohesion ; whereas that exerted by two different substances 
is ealied adhesion. 

Cohesion is usually stronger than adhesion, in normal circum- 
stances. This explains why a drop of water usually remains 
intact. All the molecules of the water are attracted to each 
other l\y the force of cohesion, with the result that the drop re- 
mains as one whole. Cohesion between molecules of a gas is less 
strong than that between molecules of a liquid. On the other 
hand, cohesion in a solid is greater than that of a liquid. 

In the transpiration stream of a plant there is water stretching 
in a column from the roots, through the vessels of the stem up to 
the leaves. This column is constantly flowing in an upward 
direction. The problem is to discover how this can take place 
without the column breaking down. In ordinary circumstances, 
water would not remain as such a high column, for its molecular 
cohesion is not strong enough, since it is a liquid. If it w^ere a 
solid, it would do so. 

Consider two columns, one a solid and the other a liquid 
present in a tube, both stretching the height of a tall tree, say, 
250 feet. The former could be represented by a steel rod. If we 
took hold of this rod at the top and pulled at it, the wdiole length 
of the rod (250 feet) would be hfted with it, if we could exert 
sufficient strength. If, on the other hand, in the case of the 
250 foot column of water, we took hold of the end of that, only 
the water which actually touched our hands would be lifted, 
merely because that amount of water had adhered to our hands. 
The rest would remain undisturbed. 

This property is easily explained by the force of cohesion. 
Cohesion between the molecules of a solid is very strong. There- 
fore, when we catch hold of the end of a rod and pull, we cause a 
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eertain number of the molecules to move. The molecules next 
to these move with thetn, owing to the ■ attractive force of eo- 
ht‘sion. For the same reason, the molecules next again move, and 
st> on throughout tiie lengtli of the column. Thus by nun'ing 
certain molecules, all are moved in the same direction. In the 
ease of tlie liquid column we do not get this, for cohesion 
Ixtween molecules of liquid is by no means so strong as it is 
between molecules of a solid. 

These facts probably explain wFat w^e have in the transpira- 
tion stream in plants. There, it is suggested that the water 
column stretching from root to leaves does not act as an ordinary 
eoiumn of liquid, but rather as a solid column. Therefore, by 
forcing it to move at the upper end, the whole column moves in 
the same direction. 

The force wliich causes the initial move is the evaporation from 
the leaf cells. It takes water away and tends therefore to drag 
a fresh supply of water into the leaf cells in the place of tluit re- 
moved. This gives an upw^ard movement and, since the water is 
supposed to act as a solid, the whole column, right down to the 
root, moves upw^ards by cohesion. Evaporation is constantly 
taking place, therefore the xipward-moving force is always 
present and the column of water is always on the upward move. 
But the column is not broken, in spite of the constant removal of 
w'ater from the top, since a fresh supply is normally constantly on 
tap from the soil. 

This theory seems quite a plausible one ; but the question is : 
are we justified in assuming that the water column present in a 
plant is so different from an ordinary column of water in that it 
acts like a solid rather than a liquid column ? Well, the ausw^er 
to that is, that w’-e are justified, to a certain extent, since, in 
certain circumstances, a column of w^ater can be made to act like 
a solid instead of like a liquid. In fact, it has been proved that 
in order to break down a column of pure water in a metal tube, a 
force equivalent to more than Si)00 lb. to the square inch is 
required. 

This, of course, is only a theoiy and has never been proved 
beyond doubt ; but it is the best one for explaining wFy water 
will rise to the top of tall trees. It is called the cohesion theory of 
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the ascent of plant sap (or water)^ and was first of ail formiiiated 
by Professor H. H. Dixon. 

Water Supply 

From the foregoing considerations of the process of transpira- 
tion and other water relations of the plant, it is clear that in the 
son there must be a certain amount of water. The limits of the 
water content of the soil, satisfactory to a plant under normal 
conditions, are wide ; but the}^ do exist. For example, if the soil 
is too dry, then the plant may not he able to obtain enough -water 
for its various life processes, or, more likely still, it will continue 
to lose water by transpiration and not be able to obtain enough to 
make good the loss. It is true that, in such conditions of emer- 
gency, the stomates can cut down the w^ater loss by regulating 
their guard cells ; but this takes j)lace onty within very narrow 
limits. In these circumstances, the plant would eventually wilt, 
that is, owfing to the loss of turgor in its cells, it would lose its firm 
texture and become flabby and, unless more water were added to 
the soil, the plant would finally die. Thus there is a minimum 
limit to the amount of water in the soil, from the point of view 
of plant growth. 

On the other hand, there is a maximum limit. From the point 
of view of the water relations of the plant, too much water in the 
soil could scarcely do any harm, for if the plant absorbs more than 
it requires, it can easily get rid of the surplus water by transpira- 
tion. Also, considerations of the phenomena connected with 
osmosis convince us that there is a limit to the amount of water 
a plant can absorb in a given time. In spite of this, however, 
there is an upper or maximum limit to the amount of soil %vater 
where normal plants are concerned, though the limit is not con- 
nected with the plant’s water relations. It is decided by several 
other factors. 

One is fairly clear. That is, the soil must not be so full of water 
that it becomes water-logged. If this takes place, then all the 
air spaces between the soil particles become flooded with water, 
with the result that all the air is driven out of the soil. 
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Excessive Water Loss 

In this ])roblem of getting rid of excess water, or, on the other 
hand, of conserving its water supplies, the plant is often able to 
(lea! with emergencies, as it is in the case of other phenomena. 
Often, of course, the plant has to be prepared for conditions 
which are too dry. On the other hand, it is sometimes faced 
with too much water in the soil, to such an extent that it still 
cannot get rid of its excess^ water ^ ^ 

quickly enough by means of trans- ■ ■ 

piration; or it may be faced ■' 

with an exceedingly , humid , at- ■ 
mosphere, where, as has already 
been seen, transpiration is for- 
cibly reduced in rate. In both ■’ 

such eases of^ emergency, many 
plants are prepared. 

Consider the too humid con- 
ditions first. Evaporation, in 1 

such cases, is not enough, so i 

water is forced out of the leaf 1 

in the liquid state as well. This % 

is called exudation. % 

For example, in the early mor- Fm. 158. Exudation op 

ning, after a warm, very humid Cu^ops op Water prom a Leap 
, ® , . , . ' , % - op Tropoeolmn maius. 

though rainless night, drops of {After NoIL) 

w^ater may be seen on the tips of 

green leaves, especially of grass leaves, in the meadows. This is 
often mistaken for dew. Actually, however, it is liquid water 
that has been forced out of the leaf. Careful examination will 
reveal that a drop will eventually fall off the leaf, and will 
gradually be replaced by a new one as more water is exuded. 
Similar drops of exuded water may be seen, under such humid 
conditions, on the blunt projections on the margins of Tro- 
pcBolnm leaves (Fig. 158). Such water may be forced through 
the stomates of the leaves or they may be forced through 
hairs present on the leaves, or through special exuding pores 
called hydathodes, which are present in certain types of leaves 
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(Fig. lo9). Such e^cudation is very commou from the leaves of 
plants growing in the humid tropical forests, giving a constant 
drip, drip of water. As many as 190 drops of water have been 
counted from one leaf in one minute. 

t 

Economy in Water Loss 

The other emergency is the possibility of the surrounding 
conditions being too dry. Such conditions may foe caused by an 
insufficient supply of water in the soil, or atmospheric conditions 
being too dry, thus causing excessive transpiration, or both. 
Normal plants, growing in places where the water equilibrium is 



Fig. 159 . Left, Section through a Hydathoue of 
Tropceolum majus ; Right, Hydathode of Phaseolus multi- 
florus (Scarlet Runner), 


seldom upset, have no redress against such conditions arising, 
except with the rather slight controlling influence of their guard 
cells. On the other hand, certain plants grow where excessively 
dry conditions are constantly occurring, and such plants have 
several devices for fighting this problem. 

Many leaves are covered with a thin waxy layer, which is ^ 
whitish in colour, called ^ bloom ) ; for example, the india-rubber 
plant, cabbage, runner beanV'sugar-cane, etc. This waxy layer 
clearly prevents a certain amount of transpiration, especially 
cuticular, from taking place. 

The cross-leaved heath (i7rma Tetralix) and marram grass 
{Ammophila arundinaceajhoWgro'w on open moors, where trans- 
piration is naturally very high. Here, the heath leaf is folded 
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to form a groove, and all the stomates are present on that part 
of the leaf boiiiiding the groove (Fig. 160)* Thus, the stomates 
are | protected from the excessive winds of the moors. The inner 
surface, where the stomates are situated, are still further 
pn:>tected by a growth of hairs. On the other hand, the 
leaf of marram grass be- 
'coineS' folded, ' with the 
lower surface on the inner 
side, thus protecting the 
stomates from the wind. 

Other moorland plants 
are similar in this respect 
(Fig. 161). 

The bracken {Pterid- 
imi aquilirmn) and bil- 
berry ( Vaccinium Myr- 
iidlns) are very interesting 
plants, from this point of 
view. Both plants will 
grow" on exposed heaths 
and commons, and also 
in sheltered w^oods. The 
leaves of these plants on 
the open commons are 
tough and thick, whereas 
those of the woodlands 
are much finer and thin. 

This is because the leaves 
of the exposed situation 
have a much thicker 
protective cuticle, thus 
reducing water loss. In the case of the leaves of the woodland 
plants, such protection is unnecessary. Other plants, such as the 
mullein {Verbascum), cover their leaf surfaces with a growth of 
hairs, thus protecting their stomates from the piercing, drying 
winds. Many plants get over the difficulty by reducing the sur- 
faces of their leaves to a minimum, thus reducing the evaporating 
surface. This is seen in the case of gorse. 



Fia. 1 60. Transverse Sections or 
Leaves . OF Marram Grass (above) and 
Cross-leaved Heath (below), showing 
THEIR Incurved Nature as a I^rotec- 

TION AGAINST EXCESSIVE TRANSPIRATION. 

Note the presence, too, of protective hairs. 
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Winter conditions are, to the plant, nsnally comparatively dry, 
thoiigli one would imagine the reverse to he the case. In winter, 
however, there is a reduction in temperature. This reduces the 
rate of water absorption by the root. Also, more important still, 
in colder climates, water is very often frozen. Then, of course* it 
is a solid ; and since as such it cannot pass into a cell, it might 
just as well not be present at all, for all the use it is to a plant. 

Deciduous trees prepare for the physiologically dry conditions 
of winter by shedding their leaves, thus getting rid of their 
transpiring surfaces. Evergreens prepare for such trouble by 



Wavy hairgrass. Sheep’s fescue. Matgrass. 

Fig. 161. Transverse Sections op Leaves op Mooreani) 
Grasses. 

The upper surfaces bear the stomates, and are infolded. 

(After Miall) 

developing thick cuticles on their leaves . This is still better seen 
in the case of coniferous trees such as the pines and the firs. 
Such trees arfe more at home in subarctic conditions. That is 
why they are found as the chief form of vegetation on high 
mountains and on the mountainous slopes of northern countries 
such as Scandinavia, northern Russia, Siberia, Estonia, and 
northern Canada, etc. 

As is well known, most coniferous trees bear needle-shaped 
leaves. Thus the transpiring area is very much reduced (Fig. 
32, Scots pine).. But besides this, each stomate is sunk down 
into a pit in the tissife of the leaf. Thus, the piercing winds 
cannot directly hit the stomates themselves. This is seen even 
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better in the leaf of the Australian desert plants Hakea, in which 
not only are the stomates deeply sunken, but also the waxy 
cmticle is extremely thick (Fig. 162). 

Another preparation against adverse dry conditions is to 
ahsorl) more water than is immediately required, when it is 
available in quantities, and then storing a certain amount of it ; 








I p epidermis 
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Fig. 162. Section through a Portion of a Bakea Leaf, 

PASSING THROUGH A StOMATE. 

Note the sunken stomate and the very thick, waxy cuticle. 

just as plants and many animals store food to tide them over bad 
times. This storage of water takes place in many plants. The 
best examples, however, are the desert plants known as cacti. 
(Fig. 163). In such plants, the stem develops a large amount of 
parenchymatous cells, all of which store water. The stems thus 
become succulent. Transpiration is also reduced, since the 
leaves are often modified into mere spines, which protect the 
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plant against browsing animals. In Great Britain, the stonecrop 
(Sediim acre), a plant which usually grows on dry walls, stores 
%vater in its leaves, with the result that they are thick and fleshy. 

Some interesting work on the water relations of the plant is 
being done in various centres of research, at the present time, and 

especially in the Union of Socialist 
Soviet Republics (U.S.S.R.) by Pro- 
fessor N. A. Mazimov. For example, 
there it has recently been shown 
how the water system throughout 
the plant is very adequately inter- 
connected. Many fruits, such as 
the orange, are succulent, thus con- 
taining a good supply of water. 
Now it is obvious that if a spray 
of leaves be cut and allowed to 
remain standing away from any 
water supply, the leaves will gradu- 
ally wilt through loss of water. It 
has, therefore, recently been shown 
in Russia that if two sprays of 
leaves of the orange plant be taken, 
one bearing fruit as well as leaves, 
and the other bearing leaves but 
no fruit, and both subjected to such 
conditions, the leaves of the fruit- 
bearing spray take much longer to 
wilt than the leaves of the spray 
with no fruit. This shows that the 
w^ater in the leaves need not necessarily come direct from the 
i root. It can, if the necessity arises, be drawn from other 
sources in the plant ; in this case, the fruit. 

Transport of Dissolved Substances 
Closely associated with the complicated water system in the 
plant, is the transportation of the substances dissolved in the 
water. A passage of different substances such as raw materials, 
dissolved foods, waste products and dissolved gases is necessary 



Fig. 163. Portion or the 
Prickly Pear {Opuntia)^ a 
Dksert Cactcs. 

Note the fleshy, water- 
storing stem, and the leaves 
reduced to spines. 
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in the complicated system making up the plant body. The means 
of such transport in the plant is the water system, which passes 






Fig. 164. Stephen Halbs, 

1677-1761. 

The English curate, physiologist and chemist. He did 
much work on transpiration and growth in plants ; and much 
on the physiology of animals. 

upwards and downwards, and in all other nece^ary directions 
I in the plant. This conveying of dissolved substances from one 
1 part of the plant to another is called translocation. 
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For example, dissolTed mineral . salts absorbed by the root 
from the soil are not required so very nHich by the root itself. 
They are required chiefly in the leaves where food manufacture 
is taking place. Thus they are translocated by the transpiration 
stream passing from roots to leaves through the wood vessels. 
Again, food-stuffs manufactured by the leaves wmild be 
scarcely any use if they remained in the ' factory.’ They must 



Fig. 165. A Willow Stem binged to show that Wateb 

PASSES UP THBOUGH THE WoOD, 

pass out of the leaf, and hence to those parts which consume 
them. Such parts are all the living cells of the plant. Then, very 
often food is stored, as, for example, sugar in the vacuoles of 
the cells of the onion bulb, or as starch grains embedded in the 
cytoplasm of the cells of the potato tuber. Such foods are made 
soluble by enzymes in the factory (the leaf) and then trans- 
located in a w|i;ter stream down through the sieve tubes of the 
phloem. Then as they reach their destinations they pass across 
the cell-walls and thus into the cells which require them. 
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Alucii of the first work on transpiration was done by Stephen 
Hales (Fig. 164), who lived in the seventeenth and eighteenth 
centuries. He w^as really a curate, ^ 
who worked chiefly at Teddington 
in Middlesex, though he carried 
out some splendid researches in 
plant physiology and even more im- 
portant ones in human physiology. 

One ii'ery important experiment which 
he performed in connexion with plant 
translocation has since been called 
the ringing experiment. 

For this he chose willow twigs bear- 
ing leaves. Now willow twigs easily 
form adventitious roots near their cut 
ends, when placed in water. Hales 
ringed some twigs, that is, cut away 
ail the soft tissues (bark, cork, phloem 
and cambium) and left the wood, in 
one complete cylindrical area of the 
twig (Fig. 165). In spite of this the 
leaves above and below the ring re- 
mained fresh, thus showing that 
water must pass up through the 
wood. 

But another important observation 
was made. In ringed twigs, where 
all leaves below the ring had been 
removed, the adventitious roots, in- 
stead of developing near the cut 
ends, developed just above the ring.^ 

Such roots require food manufactured 
from the leaves above, and therefore, 

■since they developed above the ring 
only, this shows that by ringing the 
stem, the path of downward translocation of food had been 
removed. We now know that this is true, for it is the phloem 

(Fig. 166). 



Fig. 166 . A Willow Stem 

RINGED AND PRODITCING 

Roots above the Ring, 

THUS SHOWING THAT FoOD 
PASSES DOWN THROUGH THE 

Phloem. 
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PRACTICAL WORK 

1. Show that water vapour is given off from the leaves of a 
normal green plant. 

Clioose a potted plant, such as that of Pelargonium , and cover 
the sides of the pot and the surface of the soil with sheet rubber. 
NaturaIIy, of course, the sheet rubber will have to be slit in order to 
allow for the plant stem, but care should be taken that no soil 
surface is exposed. Then put the pot on a sheet of glass and cover 
it with a large glass Jar or bell- jar. Seal the edges of the jar, 
where they touch the glass sheet, by means of vaseline. Note that 
after a short time, water is condensed on the inside of the jar. 



Tiien remove the jar and thoroughly dry the inside of it. Smear 
all the leaves, both upper and lower surfaces, wdth vaseline and 
repeat the experiment. Note that there is now no condensation of 
water. 

Fully fiescribe this experiment, explaining the reason for every 
step taken, and discuss the results. 

2. Fix up a transpiration balance and prove that a normal plant 
transpires water. 

Prepare a potted plant in a manner similar to that suggested for 
Experiment I and then put it on a balance. Carefully weigh the 
plant and record the weight. Then leave it for a few hours (there 
is no need to remove it from the balance) and then weigh it again. 
Note the loss in vreight and discuss the significance of this. 

3. Set up the apparatus as shown in Fig. 167. 

This apparatus is called a potometer. The potometer tube itself 
is composed of two arms. The whole apparatus must be fixed up 
under water in a deep sink, so that when it is removed it is full of 
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water. Fix the potometer tube to a retort stand, or some other 
suitable support, and then carefully remove a drop of water from 
i !... .a.f! nf f Pa IrmjT frUisss tnhe bv mAans nf a, ■niAAA r»f hlottinp’ oaner 


or a small brush. Thus will a 
I, HI b hie of air rise into the glass 
rube. Place the end of the 
Pi he in a vessel of wa ter. 
Allow the bubble to pass a 
short distance along the hori- 
2 :onta] part of the tube, then 
mark its position by means 
of a piece of gummed paper. 
Dry the leaves of the shoot 
by'rneans of blotting paper. 

"Leave the apparatus for a 
time, then note the position 
of the air bubble. Draw and 
describe the apparatus and 
explain the results. 

4. Show that transpiration 
of water from the leaves of a 
plant exerts a considerable 
suction, which draws more 
water up through the stem. 

Using a similar potometer 
tube as in Experiment 3, set 
up the apparatus as showm in 
Fig, 168. This again must be 
set up under water in a sink, 
in order that the whole be 
filled with water. Make sure 
tliat the various rubber stop- 
pers are fixed w^rter-tight. 
Then place the end of fhe 
tube in a beaker of mercury 
and support the potometer 
tube by means of a retort 
stand. Dry the leaves of the 
shoot by means of blotting 
paper. 

Leave this for a few hours, 
and then note the results. 
Draw the apparatus and de- 
scribe and discuss the results. 





Fio. 1 68, Appakatus for demon- 

STBATIXO THE SUCTION EXERTE0 BY 

Teanspxration.; 


5. Show that transpiration takes place chiefly through the 
stomatas of the leaves. 

There are se%^eral ways of showing this, but the following two 
methods should be sufficient ; 

(a) Choose four similar leaves of the same plant, such as 
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Hf/dravgeay Fuchsia^ elder, etc* Then treat them in the following 
manner ; 

( 1 ) Smear both surfaces completely with vaseline. 

(2) Smear the upper surface only wuth vaseline. 

(3) Smear the lower surface only with vaseline. 

(4) Leave untouched. 

Them suspend the fotir leaves from a piece of wood by means of 
drawing pins through the leaf stalks, thus allowing the leaves to 
hang freely exposed” to the air. 

After a Vlay, record the results, noticing chiefly to what extent 
wilting has taken place in each leaf. Explain the results. 

(6) Make a solution of cobalt chloride. Dip some pieces of filter 
paper in the solution, then dry them in a w^arm oven. Notice that, 
when dry, they are Wr^e in colour. Dip one in water and notice 
that it turns pink. 

Now choose" a thin leaf and cover each surface with a cobalt 
chloride paper, thus making a sandwdeh. Hold the sandwich 
steady between two small sheets of perfectly dry glass and watch 
the results. 

The cobalt chloride paper covering the lower surface of the leaf 
will turn pink to a greater extent, and also more quickly than the 
other. The main veins of the lower surface, too, will be traced out, 
in that their traces will remain blue. 

Fully discuss these results. 

6. Examine the effects of various conditioning factors on trans- 
piration. 

Set up the apparatus as shown in Fig. 169 ; again this must be 
done under water for the same reasons as before. Make sure that 
both ends of the pressure tubing are water-tight by means of some 
wire, but do not draw the wire too tight at the stem end, else the 
stem itself will be crushed. Then by means of a pipette, pour a 
little oil (olive oil will do) on the surface of the water in the tube, 
to i:>revent evaporation from the surface. Dry the leaves of the 
shoot by means of blotting paper. 

Set up four experiments in this way. Then weigh them 
all separately and record the weights. ‘Afterw^ards place one 
in a light room ; another in a dark room ; another in a 
light room near an electric fan, which wdll cause a wind ; and 
the last in another room at a higher temperature, recoi'ding 
the temperature. 

After about twenty-four hours (making sure that the same length 
of time has been allowed in all four cases), weigh them all again, 
and calculate the loss of water from each, due to transpira- 
tion. Then in each case, remove all the leaves and trace their 
areas on sqiiared paper. By counting the squares, the area of 
transpiring surface on each shoot used can thus be estimated. 
From this, calculate the amount of water transpired from a unit 
area (say, one square centimetre) in each case. 

Thus the comparative rate of transpiration can be obtained for a 
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pla, nt, a plant in tlie dark, a plant m the wind, and finally 
i,‘ plant j^uhjeeted to a higher temperature. 

Fnily describe this experiment and record the results. Discuss 
the significance of these results. 



7. Look for the exuded drops of water on the blunt edges of a 
Tropceolum leaf in the early morning. If possible, examine and 
draw the microscopic structure of the hydathodes of this plant 
and also of Phaseolm* Since these are difficult to obtain by the 
ordinary methods of section cutting by hand, it is recommended 
that prepared slides be obtained. 
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8. Cut transverse seetions of the leaves of the cross- leaved heath 
and niarrani grass. Examine these sections under the microscope, 
noting especially the shape of the leaves, and the presence of hairs 
on the inner surface. Look for stomates and make orientation 
sketches of the seetions, indicating the position of the stomates. 
Fully describe and discuss the difference between these leaves and 
a norma 1 leaf. 

9. Examine prepared slides of the transverse sections of the 
leaves of the Scots pine and Hakea. Examine under the high 
power and draw in detail the structure of a stomate and its sur- 
rounding tissues. Note the sunken nature of the stomate and 
(especially in the case of Ha^'ea) the especially thick cuticle. 
Explain these abnormalities. 

10. Show that the path of the transpiration current is through 
the vascular bundles. 

Dilute some red ink, and stand some white flowers, such as 
narcissus, in it. After a time, notice that the white petals turn 
pink, !)iit only in their veins. 

11. Show that the transpiration current passes through the 
wood of the vascular tissue. Perform the same experiment again, 
using an elder twig. After a few hours, cut the stem some distance 
up, and examine the cut surface with a lens. Note that only the 
wood has become pink. 

12. Perform Hales’s ringing experiment, using a twig of willow. 
Fully discuss the significance of the results obtained. 

13. C’aiTy out the same experiment, but leave the twigs stand- 
ing in water for some days. Then look for the production of 
adventitious roots, and note their position in relation to the ring. 
Fully explain this. 

14. Examine and draw several types of cactus plants. These 
are often gro\\m in greenhouses, and can usually be seen in 

' botanic gardens. Discuss their modified structures, especially 
with relation to their normal desert habitat, and its effect on trans- 
piration and water-storage. 


CHAPTER XIII 


RESPIRATIOX AND FERMENTATION 

AtL living things must perform a certain amount of work 
in order to live, for all processes of the living body involve 
work. For example, animals must work in order to move, 
so also must plants- Work is involved in breathing, diges- 
tion, thinking, reproduction, etc. This therefore demands the 
use of some sort of energy, since work involves the utilisation 
of energy. Energy 'is the capacity to perform some process 
of work. . 

Potential Energy in the Plant 

Now' energy exists in several definite forms. Energy due to 
motion is said to be kinetic ; for example, water wdieels are 
turned by the kinetic energy of rivers. Energy due to position 
or storage is called potential energy, such, for example, as 
w'ater at the top of a cliff, or the wound-up spring or weights 
of a clock. 

The potential energy of a wound-up spring is liberated as 
kinetic energy, when the spring is released. Thus, energy can 
exist in different forms (the two here being potential and 
kinetic) which can be transformed the one into the other. A 
? charged Leyden jar possesses energy in the potential state, yet 

; wdien it becomes discharged, the energy is released as electrical 

! energy. This electrical energy can again be transformed into 
another form of energy, that of heat. For example, electrical 
energy passing along a wire, if allowed to pass through a resist- 
ance, will be transformed into heat energy. This forms the basis 
of the electric fire. Thus there are several forms of energy, 
* potential, kinetic, chemical, electrical, heat, and so forth. Not 

255 

I • ■ 



EVERYDAY BOTANY 


2r>(> 


only do these forms of energy exist, but also it is possible, in 
certain circumstances, to transform one form into another. 

Radiant Energy 

The main consideration for the moment, however, is the 
energy which is involved in the various living processes of 
animals and plants. All such processes require energy. It 
does not matter so much, at first, in what form, for the primary 
question is : What is the source of the energy? Whence do plants 
and animals derive their energy, w^hich they require for their 
life processes ? 

Recapitulation of what has already been learned of photo- 
s3mthesis will soon show the source of this energy*, and will 
also help to explain the reason for the important process of 
photosynthesis. The immediate source of energy for plants and 
animals is the food which they manufacture and consume. In 
other words, food-stuffs of all kinds contain potential energy. 
But, if this is the case, what is the ultimate source of this energy? 
In other words, whence do the food-stufis obtain their potential 
energy, since, vithin certain limits, energy cannot be manu- 
factured afresh? 

This takes back still further in our former considerations of 
food manufacture. It h£ts already been seen that one of the 
most important conditions necessary for photosynthesis to take 
place is the presence of light. Of course, this can be assured 
by supplying artificial light, such as gas or electric light ; but, 
in Nature, the light is always supplied by the sun. This is 
why light is such an essential factor in photosynthesis, for the 
process of photosynthesis takes place in order to make use of 
' the light. 

Light is fundamentally another form of energy. The energy 
given ofi by the sun is therefore called radiant energy. It is this 
radiant energy which is really the reason for photosynthesis. 
During the building up of carbohydrates, ttc., by the process of 
' photosynthesis, some of the radiant energy of the sun is absorbed 
and stored in the food in the form of potential energy. The 
. process of photosynthesis can therefore be represented in the 
' ,, , , , 
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following manner, at the same time demonstrating the funda- 
mental reason for the process ; 

carbon dioxide + water + (radiant energy) — > 

from the sun. 

carbohydrate ■+■ (potential energy) + oxygen 
for the plant's life 
processes. 

This gives part of the answer to the question : why is photo- 
synthesis so necessary to all living things besides green plants ? 
It is clear now’- that the only ultimate source of energy for all 
living things is the radiant energy of the sun ; and this can only 
be trapped by the process of photosynthesis, which, in turn, 
can only take place in green (that is, chlorophyll-containing) 
plants. 

So now we have the living things with the energy so necessary 
to tb em available . 1 1 is present in the potential form in their food- 
styffs. But, as such, it is useless. Energy only becomes useful 
when it leaves its potential state and becomes transformed into 
a more ’ d^mamic ’ form. 

Release of Energy in Living Things 

Since energy is stored up in fcois while the foods are being 
built up from the raw materials, is clear that such energy 
would be released if the foods cl^uld be broken down again into 
their raw’- materials. In other words, if the manufacture of food 
involves the trapping of energy, then the breaking down of foods 
should involve the releasing of energy. This is exactly what 
happens. Plants and animals absorb energy-containing foods, 
merely in order to break up those foods and extract the potential 
energy in them. 

This process of energy-extracting from foods is called respira- 
tion. In certain superficial respects, as one would imagine, the 
process of resjjiration is the opposite of photosynthesis, which 
process involves building up carbon dioxide, and radiant 

energy into food-stuff s, oxygen, and potential er/ .vy. Respi- 
ration involves the, .''bsorption of oxygen and orcaking down 
the food-stuffs and ^ ^ liial energy into carbon dioxide, water 

H. ■ ' i 
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and, not radiant energy, but other forms of energy that the living 
organism requires. 

Since oxygen is given oif during the process of photosynthesis, as 
would be expected, this gas is used up in the process of respiration. 

Thus the process of respiration can be represented in the fol- 
lowing manner : 

carbohydrate (+ potential energy) + oxygen 
carbon dioxide -{-water + working energy. 

This explains why oxygen is necessary to all forms of life, 
since respiration is essentially an oxidative process. The oxygen 
used is that present in the atmosphere. Living things use this 
oxygen during respiration and give oif carbon dioxide, a 
suffocating gas, during the same process. That is why the atmo- 
spliere in which an animal has been allowed to breathe for some 
time is unhealthy, since it is depleted of its oxygen, which is 
necessary for the process, and at the same time suffocated by the 
carbon dioxide given of! during the same process. For this reason 
it is necessary to keep all rooms well ventilated, to allow the 
contaminating carbon dioxide to escape and the necessary 
oxygen to enter. 

During the process of respiration in man, and many other 
animals, the carbon dioxide^ is ^iven off into the blood vessels, 
carried through them in ct^midal combination with the blood 
ha?moglobin to the lungs, and th^re exhaled into the atmosphere. 
This can be proved in a simple manner. Carbon dioxide will 
turn lime water milky. If we therefore blow down a glass tube 
into a solution of lime water, the lime water will gradually be- 
come milky owing to the carbon dioxide being exhaled through, 
the process of respiration. 

A green plant, on the other hand, can be kept in an enclosed 
space much longer than an animal can. This is because the pro- 
cess of photosynthesis is taking place, which, up to a point, 
counteracts the effect of respiration ; for, whereas respiration 
involves the giving off of poisonous carbon dioxide, photo- 
synthesis involves its absorption, and though respiration means 
the absorption of the necessary oxygen, photosynthesis gives it 
out again. Clearly this is only the^^se iff^e presence of light. 
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Kow, li\dng tilings natnmlly eontinue to live during the hours 
of darkness. Therefore, they are working more or less, all the 
time, night and day ; consequently they respire during the night. 
In other words, respiration never ceases tvhile the organism is 
living. 

In the green plant, therefore, although, during the day, photo- 
synthesis and respiration are taking place together, only respira- 
tion is going on during the night. Thus, up to a point, plants, 
like animals, contaminate the atmosphere by their respiration 
during the night, whereas, during the day, by virtue of their 
photosynthetic properties, they help to purify the air. This is the 
reason why plants and cut flowers are allowed to stay in a sick- 
room and in the wards of nursing homes and hospitals during the 
day, but are removed at night. Actually, however, the trouble to 
which the nurses go in removing plants from the wards when 
night falls is scarcely necessary. It is true that the plants do 
contaminate the atmosphere, during the night ; but the amount 
of contamination involved is very small indeed. Not only is it 
very small, but the ventilation, even in a poorly ventilated room, 
would succeed in driving out all contaminating carbon dioxide 
given off by the plants, and also in more than replenishing the 
amount of oxygen absorbed. So, although it is true that plants 
tend to contaminate the air in a room during the night, the 
amount of contamination is so negligible and the circulation of 
pure air so much greater, that to remove plants in the evening 
for this reason is really unnecessary. 

Rate of Respiration 

Respiration takes place at very varying rates in different 
plants and different animals ; also in the same plant, or the same 
animal, at different times. It all depends, naturally, on the 
amount of work being done. If the plant or animal is working at 
high pressure, then respiration takes place at a great rate. If, 
on the other hand, very little work is being performed, then the 
rate of respiration is very slow. For example, if a man continues 
to dig in his garden for a long period he is doing a great deal of 
work. Again, anyone taking part in a race is working at high 
pressure when running. The result is, respiration goes on at a 
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great rate. Therefore, more oxygen than usual is required, with 
the result that breathing becomes deeper and quicker until the 
man digging or the person running sometimes even has to puff 
and blow in order to get sufficient oxygen. Then, if such a person 
sits down to rest, much less work is being done, though a certain 
amount, such as the w^k involved in the beating of the heart, 
the digestion of food, etc,, is still going on. This results in a 
slower respiration and consequently a more easy and slower 
breathing. When asleep, the amount of work is still further re- 
duced, and thus breathing becomes even more steady. 

As respiration increases, obviously more food is required. 
Therefore, a very active person requhes to eat more food 
than a very passive one. That does not necessarily mean that 
a hard-working manual labourer, such as a farm worker or a 
quarryman, an athlete, or a blacksmith, necessarily requires 
more food than a more quiescent person such as a school teacher, 
stockbroker, or clerk. For, whereas one does much manual 
work with his muscles, the other may do just as much energy- 
using work with his brain. What it actually means is that 
the worker (in some form or another) requires more food than 
the non-worker ; because the former must have energy in 
order to work, and this is obtained by the respiration of the 
. foods. It has been shown that a football player may lose as 
i much as seven or ten pounds in weight during a game. Much 
of this loss is due to the using up of foods during his excess 
respiration. A man in good condition, however, usually regains 
his weight during the same day. 

Variations of rates of respiration are just as common in plants 
as they are in animals. For example, a deciduous tree is obviously 
carrying on more processes involving work during the summer 
(since it is growing and developing) than it is during the winter. 
Therefore, respiration goes on at a greater rate during the 
summer period. Also, seeds when they are in storage are under- 
going very little activity. Thus, little energy is required and 
therefore little respiration. That is why they can easily be stored 
in jars or packets, where only a little oxygen at a time can 
penetrate. When they are sown in the soil, however, they 
germinate and grow. This period of growth involves a great deal 
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of work and expenditure of energy. Then, respiration takes 
place at a very great rate. 

It is iiow' clear why all the living parts of the plant, even the 
roots, must have some available air, since it is the air which 
supplies the oxygen. During respiration, oxygen is taken in and 
carbon dioxide given off. Thus there is a gaseous interchange 
taking place between the living cells and the atmosphere. This 
gaseous interchange takes place all over the surface of the plant, 
where possible. It is not very easy through cuticle or bark, as has 
already been seen, therefore it takes place to a considerable 
extent through the stomates of the leaves, and also through the 
lenticels on a secondarily thickened stem. In fact, the gaseous 
interchange involved in respiration is the main reason for len- 
ticels. In the case of roots, respiration takes place through the 
surface of the piliferous layer. 

Forms of Plant Energy 

The energy extracted from the foods during respiration 
, assumes several forms. Much of it is chemical energy to allow 
the various chemical processes involved in the living cells to 
take place. 

Some of the energy liberated by respiration, however, is almost 
invariably heat energy. Thus, respiration causes a rise in tem- 
perature within the plant or animal body. 

This giving off of heat during respiration explains many fami- 
liar phenomena. For example, we ourselves are warm-blooded 
animals. In normal health, our temperature is Just a little more 
than 98® F. This temperature has to be kept up, never mind 
wkat the temperature of the surrounding atmosphere may be. 
It is done by respiration, which liberates energy in the form of 
. heat. Even a person doing scarcely any work, such as an invalid, 
must have food, for this reanSon alone. 

Now^ since heat is nearly always given off during respiration, 
the more food one consumes, the higher the temperature be- 
comes, because one respires more. A runner, for example, is 
working hard, and therefore respiring quickly. The result is, a 
greater liberation of heat. That is why he becomes very hot, 
even on a very cold day. 
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The same thing can be seen in the case of plants. Box peas, for 
example, which the cook uses for culinary purposes when fresh 
ones are not available, are living seeds. But they are very much 
at rest since they are very dry, and their respiration is conse- 
quently very low. But, before using them, the cook usually 
soaks them overnight. By osmosis, the peas absorb water, and 
in doing so, their vitality is raised and they respire at a greater 
rate. Therefore a certain amount of heat is liberated. This 
explains why, if you put your hand into the peas after soaking 
them for nearly a day, they will feel perceptibly warm. 

A similar case may be seen when cutting the grass on the lawn. 
As the grass is cut, it is usually collected and piled into a heap. 
Now all those cut blades of grass are living. They are therefore 
respiring, and consequently give off a certain amount of heat. 
For this reason, the inside of the grass heap will be found to be 
quite hot after a day or two. 

This fact also explains why hay ricks sometimes catch fire. 
The farmer knows that such a catastrophe is not so much due to 
a possibly scorching sun, as it is to putting up the hay when 
it is still w^et. If the hay is perfectly dry, all the grass is dead 
and cannot respire. On the other hand, if it is wet, much of it 
is probably still alive, and can respire and give off heat. This 
may go on to such an extent that the compact mass of hay 
will not allow the liberated heat to escape, with the result that 
a fire finally takes place. 

An exceptional but very interesting example of excess respira- 
tion resulting in the production of heat is seen in the alpine 
plant, Soldamlla alpina, common in the Swiss Alps. This plant 
develops thick, leathery leaves in autumn. These contain plenty 
of reserve starch, and are thus well equipped with combustible 
fuel. During the winter, the plant becomes completely covered 
by snow and ice to a depth of several feet. Then, when spring 
comes, the sun melts all the snow and some of the ice, water 
trickles down to the plant roots, and respiration then becomes 
more active. Much food is passed to the flower-buds, and in 
their excessive respiration they give off sujQhcient heat to melt 
the ice around them. Thus, the developing flower actually melts 
its own way through the ice. When the flower is fully developed, 
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wliole blue patches of them may be seen, as if they are growing 
on, and in, ice. By the time the fiow^ers have pushed their heads 
blit of the lee, the leaves have become thin and papery, since so 
much of their stored food has been used up in this great respir- 
ator}^' activity. ' 

During the process of respiration, oxygen is taken in. This is 
because, during the chemical reactions involved in the breaking 
down of the food-stuifs, oxidation takes place. In other words, 
respiration involves the oxidation and splitting up of the food- 
stuffs within the body. It is therefore an oxidative process ; the 
process taking place within the protoplasm of the living cells. 

The chemical changes thus involved are still further examples 
of enzyme aetmty, for the oxidation would be far too slow with- 
out the help of such enzymes. Since these enzymes help in 
oxidising the food they are collectively called oxidases, though 
there are several different ones, each of which has its own 
specific name. 

Combustion of Plant Materials 

Respiration is very similar to combustion. The latter process 
involves the chemical absorption of oxygen with the giving off of 
carbon dioxide, together with the splitting up of some compli- 
cated chemical compound. At the same time, energy is re- 
leased in the form of heat. Respiration, therefore, may be looked 
upon as a slow form of combustion. 

The heat of combustion of an element is measured by causing 
it to combine vrith oxygen in an enclosed chamber and measuring 
the heat evolved caiorimetrically. For example : 

C + Oo->COo+94*8K. 

Ho + 6->H2P-f69K. 

Tims, 12 grams of carbon yield 94*8 kg. calories (K) on complete 
oxidation and 2 grams of hydrogen, 69 kg. calories. Since the 
heat (measured in calories) is a form of energy, the calorific value 
of any substance, measured in the above way, may be considered 
as a direct respiratory value ; and it is clear that since oxygen 
cannot have any calorific value, then the more oxygen a food 
contains, the less is its respiratory value. From this it may 
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be deduced that the average respiratory values of the com- 
mon food-stuffs are : carbohydrate : protein : fat =2 : 3 : 4-4. 
Therefore protein foods have a higher respiratory value than 
carbohydrates; and fats still more. That is why fatty 

foods are more ' heating ’ 
than farinaceous foods . 
The Eskimo living in in- 
tensely cold regions lives 
chiefly on fatty foods. The 
relative respiratory values 
of common foods, considered 
from this point of view, are 
illustrated in Fig. 170. 

Many of the built-up sub- 
stances in the plant body, 
though they are not food- 
stuffs, naturally contain 
some potential energy since 
they have been primarily 
manufactured by photosyn- 
thesis. Yet they are not 
usually made use of in 
respiration. For example, 
the wood vessels, the cellu- 
lose cell- walls, etc., form the 
plant skeleton, and do not 
enter into the process of res- 
piration at all ; yet they are 
indirect products of photo- 
synthesis . Their potential 
energy is therefore stored 
throughout the life of the 
plant. 

Yet in certain everyday 
activities of man, the presence of such potential energy is made 
clear. For example, timber is a combustible body. Given 
certain well-knowm conditions, it will burn, and in doing so 
absorb oxygen and give off carbon dioxide, among other gases, 



Fic. 170. DiAGRAi^prATic Repre- 
sentation OP THE Comparative 
Respiratory Values op Common 
Foods. 

{^After Hutehinmyi and Mottfam.) 




171 . BESTORATIOlsr OF FernSj etc., growing in 
THE Carboniferous (Coal) Age. 

Extinct Plants and Problems of EvolutionP After Grand'* Bury,) 
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togetlier with the freed energy in the form of heat. So also will 
cotton, straw, etc. 

Coal and Petroleum 

A still better example is coal. This is a well-kno^^m combustible 
body which gives off carbon dioxide and other familiar gases, 
together with heat energy, at the same time absorbing oxygen 
during its combustion. 

It is known that the earth’s crust is many millions of years 
old. During all that time the crust has gone through many 
changes, and the time, so far as we can trace it back, is sub- 
divided into definite geological periods. One of these is called 
the Carboniferous period or, more popularly, the Coal Age. This 
period or age existed millions of years ago. At that time, no 
flowering plants were living on the earth. Such plants have 
developed since. During the Carboniferous period, the dominant 
plants on the face of the earth were very similar to our present- 
day tree-ferns, horsetails and club-mosses. But they were not 
exactly the same ; for example, the common horsetail of to-day 
is a small herb, never growing much more than about two feet in 
height. The similar plants of the Carboniferous age, on the other 
hand, were huge trees (Fig. 171). Gradually this age began to 
disappear, and give place to a later age. 

Remnants of the Carboniferous period, however, still remain 
with us, since they have become buried hundreds of feet under- 
neath the earth’s surface. In this way, plants of that age have 
become preserved, though very compressed. A great deal of 
the Carboniferous remnants of to-day is of economic importance 
in supplying coal. It is necessary, in order to get the coal, to 
mine it, and this often involves going several hundreds of feet 
down into the earth’s crust. 

As the Carboniferous strata became buried, by various methods, 
its plants and animals became buried too. After burial, the 
plants and animals were subjected, for thousands of years, to 
tremendous pressure from the layers above. This caused great 
compression, which involved the production of much heat. In 
this way the coal as we know it was formed. Coal is therefore 
chiefly the carbohydrate matter of countless plants, chemicaUy 
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modified and compressed (carbonised). This can be proved by 
examining coal hewn from a mine. It is often possible from such 


Fig. 172. Williarmoniay fbom Mexico, showing r lowees. 
Foliage, and Bean ched Stem as exposed on a Slab of 
Liassic Rock. 

(Sc(At “ Extinct Plants and Problems of Evolution ** : from a photograph 
’ supplied by Dr, Wieland.) 

coal to pick out pieces which bear unquestionable impressions 
of fem-like plants on them. Such impressions are referred to as 
fossil plants (Fig. 172), just as it is possible to find fossil animals. 
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Now, since coal is formed from the bodies of plants, there 
must be a gi*eat deal of potential energy in it as a result of the 
photosynthetic activity of those plants,, when they were living 
on the earth. This we know is the case, for when coal is burned, 
or undergoes combustion, energy is given oS in the form of heat. 

Here is a splendid example, therefore, of the great enei'gy- 
supplying activities of plants, through their storing up potential 
energy during photos;^mthesis. This is not all. The great value 
of plants is demonstrated in these fossilised plants, or coal, by 
not only the great energy they supply through burning, but 
also by valuable by-products such as coal-gas, oils, aniline d^^es, 
salts, coke, etc. These products are usually obtained during the 
manufacture of coal-gas. 

Another possible manner in which the stored energy of plants 
millions of years old may be revealed is through petroleum. This 
substance is of very great value to-day in aU manner of forms. 
It is found in various strata in the earth’s crust, especially in the 
United States, Russia, Persia and Iraq. There is one theory that 
petroleum is derived from the decomposition of plants buried 
many thousands of years ago. However, this question has never 
i been settled, and there are other theories. Therefore, we can 
only leave the supply of energy by plants from ages past, through 
the medium of petroleum, as a possibility. 

Respiration without Oxygen 

It is quite clear that in order to respire, normal plants must 
have oxygen. This is usually supplied by the atmosphere, since 
about one-fifth of the air is composed of Oxygen. 

But plants can withstand the absence of air up to a point. If 
this is SO, then it is true to say that, for a time^ plants can respire 
in the absence of air. If, therefore, a plant be put into an 
atmosphere absolutely devoid of oxygen, it will continue to 
respire for a short time, but only for a short time ; after it the 
plant dies. 

Now, ordinary respiration in the presence of air results in the 
complete splitting up of carbohydrates into carbon dioxide and 
water, with the absorption of oxygen. In the absence of oxygen, 
therefore, it is naturally to be expected that the chemical i^ro- 
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cesses involved vdll be different, since there is no ox3?’gen present 
to react. This is actually the case. While respiration continues 
in the absence of ox^'gen, the foods are never completely broken 
down into the raw materials. The process only goes part of the 
way, vdth the production of about a third of the possible carbon 



dioxide and no water at all, but ethyl alcohol. The last-named 
substance is capable of being broken down still further if oxygen 
were present, with the release of even more energy. Therefore, 
this t3^e of respiration is a wasteful process. 

Normal respiration, that is, respiration in the presence of 
ox^ygen, is referred to as aerobic respiration. Respiration in the 
absence of ox^^gen is called anaerobic respiration. The former 
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involves the complete splitting up of foods with the liberation 
of all the energy. The latter, on the other hand, involves only 
partial splitting of the foods, with a consequent release of only 
part of the potential energy. 

Normal plants can respire anaerobically only for a very short 
time. But there are a few plants which normally respire 
anaerobically , In fact, in some cases, such plants die if they are 
exposed to oxygen. Such plants are therefore called anaerobes. 
There are only a few of them, comparatively speaking. Nearly 
all are bacteria. For example, the bacterium which causes 
tetanus or lock-jaw lives in the soil, and is an anaerobe. There- 
fore, if there is any suspicion that this bacterium has penetrated 
a flesh wound, the best thing to do is to cleanse the wound with 
an antiseptic which has oxidising properties, such as hydrogen 
peroxide. 

A comparison of the processes of photos 3 mLthesis and anserobic 
respiration in the following table, and also in Fig. 173, will show 
the relationship between the element carbon and living things 
(often referred to as the carbon cycle). 


Photosynthesis. 

1. Takes place only in chloro- 

phyll-containing cells. 

2. Raw materials are carbon 

dioxide and water. 

3. Takes place only in the pres- 

ence of light, 

4. An energy-absorbing process. 

5. Products are food-stufts (espe- 

cially carbohydrates) and 
oxygen. 


Respiration. 

Takes place in all living cells. 

Raw materials are food -stuffs 
and oxygen. , 

Takes place at all times, day 
and night. 

An energy -releasing process. 

Products are carbon dioxide 
and water. 


Alcoholic Fermentation 

Glucose, if allowed to remain exposed to the air in solution, 
will undergo a chemical reaction, in which it forms ethyl alcohol 
and carbon dioxide. The process is accelerated by the addition 
of yeast, and it is known as alcoholic fermentation. 

In certain respects, alcoholic fermentation and anaerobic 
respiration are similar, especially in that a carbohydrate is used 
and the end-products are ethyl alcohol and carbon dioxide. 
But both processes are very complicated ones, and although w’^e 
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know that alcoiioi and carbon dioxide are the chief end-products 
of tlie reaction, there are several intermediate stages. That is, 
several substances are produced before the end-products appear. 
The complete sequence of chemical events is still not clearly 
understood. 

Yeasts 

Alcoholic fermentation is of very great importance to-day. 
From the commercial point of view, it is quite clear that merely 
to leave the plant decoctions to ferment of their own accord 
would scarcely be a profitable business. The process would be 
far too slow. This problem has been settled by the use of an 
enzyme called zymase. This enzyme has the property of speed- 
ing up the process of alcoholic fermentation. 

Zymase is produced by a family of small unicellular plants 
belonging to the fungi, w^hich are called collectively yeasts. 
Tliere are several kinds of yeasts, and they are present on the 
earth in their millions. Certain yeasts are better for certain 
types of fermentation. 

The yeast plant used in beer-making is called Saccha/romyces 
cereiisim. This is a unicellular x^lant, and is visible only under the 
microscox)e. Each cell is oval in shape and may exist separately 
or loosely joined together in long chains (Fig. 174) . It is com- 
posed of a mass of cytoplasm containing a nucleus. 

The curious thing about the yeast cell is that, although it 
contains one large vacuole, this vacuole is not present in the 
cytoplasm, as in the case of the normal plant cell, but is present 
inside the nucleus itself. The vacuole is therefore said to be 
intranuclear. 

The whole cell is surrounded by a thin cell- wail. It contains 
no chlorophyll whatever. Therefore, in this respect the yeast 
plant differs from the normal plant in that it cannot manufacture 
its own food. It therefore lives on sugary substances, such as 
the fermenting plant-products offer, in order to obtain its food. 
The x)rotopiasm of the ceil has the property of manufacturing 
comparative^ large quantities of the enzyme, zymase. 

When the cell has reached a certain size it develops an out- 
growth, and as this outgrowth gets larger, the nucleus divides 
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into two portions, and one of the portions passes into the out- 
growth, which gradually becomes constricted off from the parent 
cell and forms a new plant cell. This is another method of vege- 
tative reproduction. The outgrowth is usually referred to as a 
hud, and the process is therefore called budding (Fig. 174). This 
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EARLY <iTACES IN BUDDING (x 1675) 



Fia. 174. The Yeast Plant. 


process of budding, given favourable conditions, goes on at a 
very great rate. That is why, if a little yeast be placed on the 
top of a solution of glucose (thus supplying the yeast with good 
nutrient material) and then kept in a warm place, it very quickly 
begins to form a frothy substance at the top. This froth is a 
mixture of (a) the millions of yeast plants being formed by 
budding ; (b) some of the sugar solution ; (c) millions of 
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bubbles, chiefly containing the carbon dioxide being formed 
during the fermentation of the glucose* 

There is another method of reproduction in the yeast plant, 
wliiGh usually takes place when the cell is not subject to healthy 
conditions . In this case the cell contents divide themselves up 
into about four portions. Each portion surrounds itself with a 
thick wall, and then, when the wall of the original cell disinte- 
grates, all the portions escape (Fig. 174). Each portion is called 
a spore, and each sp)ore is capable of developing into a new yeast 
plant. 

Now, since the spore is surrounded by a thick wall, it can 
withstand adverse conditions such as frost, or desiccation. 
There are millions of these spores formed by y^east plants all the 
time. They are very Mght, since they are so small. The result 
is that they are blown about in the air. 

The atmosphere contains millions of spores, not onh^ of the 
yeast plant, but also of others. That is why yeast very often 
appears on a sugary substance, after the latter has become 
ex|)osed to the air for some time. Some of the spores from the 
atmosphere settle on it, and, on finding good nutrition in the 
sugar, they develoj:) into adult yeast plants. For that reason, in 
the brewing industry, since the special yeast, Saccharomyces 
ccrerisice, is the one required for the fermentation, great care has 
to be taken that the spores of other yeast strains do not get on to 
tlie fermenting material, from the atmosphere. If they do, they 
spoil the flavour of the beer. 

The apparently sudden appearance of bacteria and fungi, in 
the form of disease, etc., is explained by the presence of these 
many spores in the atmosphere, in water, etc. It is practically 
impossible to say exactly how many different forms of fungi 
alone there are in the world ; 100,000 is a rough, though possibly 
a conservative, estimate. The spores of most of them exist 
almost everyw'here, since they can withstand adverse conditions 
that the normal living plant and animal caimot (see also pp. 292, 
310 and 311). 

For this reason, given suitable conditions of growTh, they soon 
develop in the most surprising places. Apart from suddenly 
attacking animals and other plants and thus often causing dis- 
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ease, some make their appearance on the soil, and in the house- 
hold on stale, uncovered foods, on preserves such as jams, on 
damp clothing, leather, wall-paper and plaster. Special pre- 
cautions are therefore necessary to prevent the development of 
such spores. During the preservation of food, for example, the 
material is usually sterilised, thus killing any spores present, by 
the application of heat. In the case of jams, sterilisation is 
eltected not only by the heat applied, but also by the presence 
of much sugar. Excess sugar is unfavourable to the develop- 
ment of fungal spores. When the jam is exposed to a damp 
atmosphere, however, water is absorbed by the sugar present, 
and the concentration reduced enough to allow the develop- 
ment of moulds. 

Wooden structures, etc., are protected from attack by treat- 
ment with creosote, tar, etc. 

Baking of Bread 

The giving of! of carbon dioxide in such great quantities during 
alcoholic fermentation is utilised in the baking of bread. Bread 
is composed chiefly of flour, which contains a considerable 
amount of starch. Now, since starch is split up into sugar by the 
action of diastase, it is to be expected that a certain amount of 
sugar will always be present, wherever there is starch. There- 
fore, there is always a certain amount of glucose in flour. 

In bread-making, a little yeast is added to the flour when it 
has been kneaded into dough. This, by suppl3dng the enzyme 
zymase, causes the alcoholic fermentation of the glucose present 
in the Hour. As a result, alcohol is produced, but not enough to 
cause any material damage to the bread. On the other hand, 
carbon dioxide is given off in considerable quantities. This gas 
])asses tliroughout the flour, forcing the particles of flour apart, 
thus causing it to ‘ rise,’ and making it lighter. 

Within limits, a rise in temperature causes an increase in all 
enzyme activity. Therefore, when the dough is placed in the 
oven, as the temperature of the dough rises, so is the process of 
• fermentation stimulated to greater activity. But, after a few 
minutes, the activity ceases altogether, since at very high 
temperatures the yeast plants, and also the enzymes, are killed. 
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For this reason, in order to get a good ‘ rise ’ in the dough, it is 
not immediately placed in the oven, but put in front of the fire, 
or in a very ' slow ’ oven, where the heat is sufficient to cause 
rapid activity of the yeast, but not sufficient to kill it. After a 
time the baking is finished of! in a hot oven. 

Baker’s yeast is usually supplied by the brewer. It is not 
often supplied as the foamy material scooped off the top of the 
fermenting liquor, but usually 
in a dry, powdery form called 
barm or leaven. 

Brewing 

Beer is one of the commonest 
of alcoholic beverages. It is 
also one of the oldest. There 
is evidence that prehistoric 
man was able to make it. In 
ancient Babylon it was cer- 
tainly known, that is, so far 
back as 5000-6000 b.g. It w^as 
a common drink in ancient 
Egypt ; and in both Bab^don 
and Eg^Tpt it was used in 
medicines as well as in bever- 
ages. The Greeks also were 
very fond of it. During medieval times, both in Great Britain 
and on the Continent, the value of yeast in both brewing and 
baking was known, and to this day, in the monasteries, the 
biwery and the bakery are often found side by side. To-day 
beer-making is known all over the world, even amongst savage 
tribes ; though not so much amongst the arctic peoples, chiefiy 
owing, perhaps, to their inability to get the raw materials. 

The fundamental plant in the brewing industry is the barley 
{Hordeum vulgare). This plant probably originated in western 
Asia, but it is now cultivated in many parts of the world — 
all over the continent of Europe, Great Britain, etc. In brewing, 
the grain of the barley is used. The grain must be of a very fine 
quality, and well developed. 



Fig. 175. Fjruit op the Hop. 
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Tlie grains are soaked and then allowed to germinate. Now, 
the barley grain contains much starch as a food reserve. As the 
grain sprouts during germination, it goes through a great deal of 
respiratory activity. Therefore, the starch is broken down, by 
the diastase which is present in the grain, into glucose. This is 
what is required for the fermentation. The action of the dias- 
tase is allowed to go on for about a fortnight at a temperature 
of about 1 00^ F. Then the heat is increased, and the amount of 
moisture decreased so that the barley seedlings die. The resuit- 



Fia 17G. A Hop Garden in Kent, 
{By courtesy of The Times,**) 


ing dead l)arley seedlings form what is called malt. Scrupulous 
care has to be taken in making the malt, in order to prevent any 
kind of contamination. Heat to kill the barley seedlings is pro- 
duced either under the floor of the malt-house or by passing hot 
air through it. 

The malt, after drying, is ground and then placed in water, 
thus producing what is called wort. The wort is boiled to kill 
the action of the diastase and any contaminating bacteria that 
may be present. 

To this wort, hops, the fruit of the hop (Htimulus Lupulns) 
(Fig. 175), are now added for flavouring purposes. This was not 
always the case, however, for hundreds of years ago the flavour- 
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log was produced by adding certain spices. The mixture of wort 
and hops is then boiled and allowed to stand for some days. 
Then the hops are removed, the wort is cooled to about 6if F., 
and the special j^east, Saccharomyces cerevism, added and fer- 
mentation takes place. This is allowed to proceed for some 
weeks. Then the yeast is removed, and the resulting beer stored 
in vats, to mature. 


Fig. 177 . Gathbsing Grapes in a French Vineyard, 
{Photo, Charles R. Brown,) 


Barley for brewing purposes is grown in various parts of Great 
Britain, especially in Scotland, The hops are grown to a great 
extent in Kent (Fig. 176), the total acreage of hop gardens in 
Great Britain being about 16,000. 

Brewing is an important industry in Great Britain and on 
the Continent. Certain places ai*e very famous for the industry, 
chiefly because the water of the district gives a specially good 
flavour to the resulting beer. This is the case in Burton-on- 
Trent, in Staffordshire, where brewing has become the leading 
industry. In fact, the water there is claimed to give such an 
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extraordinarily good flavour to the beer that the water itself is 
sent by road and train to breweries in other towns, miles away, 
such as Manchester. 

North Continental beers are usually lighter in colour and, 
indeed, in effect than British beers. These lighter beers are 
called lager. The difference lies chiefly in the different types of 
yeast used. In Great Britain, what is called top yeast is used. 
This is because, as fermentation proceeds, the yeast rises to the 
top. On the Continent, bottom yeast, which remains at the 
bottom of the fermenting liquor, is used. Lager, which is 
usually a bottled beer, and, indeed, any other bottled beer, 
gives off bubbles of gas when opened. This is because the beer 
is bottled before fermentation is complete. The process of fer- 
mentation, therefore, goes on within the bottle, and the carbon 
dioxide produced remains in solution, under pressure. When 
the bottle is opened, the pressure is suddenly released, and the 
carbon dioxide comes out of solution as the familiar bubbles of 
gas. 

Closely connected with beer-making is the manufacture of 
spirits. This in its turn is related to wiixe-making. The two differ 
in that such spirits as whisky are made from barley and other 
cereals, wiiereas wine is made from the fruit of the grape. 

While is more peculiar to southern peoples, such as those of the 
Mediterranean countries, whereas whisky is made to a great 
extent in the more northerly countries, such as Great Britain, 
especially Scotland, and Ireland. 

The cereals used for preparing the wort for whisky are chiefly 
barley, oats, wheat and rye in Ireland, whereas in Scotland it is 
usually only barley. After a certain time, this wort is distilled, 
thus producing the whisky. The various flavours depend chiefly 
on the water used, which comes from peaty soils. Whereas the 
chief alcohol in beer is ethyl alcohol, in whisky the chief alcohol 
is amyl alcohol, and the others present are butyl, propyl, and 
a small amount of ethyl. 

Rum is distilled from fermented cane-sugar or from molasses. 
Gin is formed by the redistillation of the crude spirit with the 
fruit of the jumper (Juni'perm communis). Brandy is distilled 
from fermented grape juice. 
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Wine-making 

Wine-making is an important industry in Mediterranean 
coimtriesj especially France, Italy, Spain and Portugal, and also 
in Germany. The chief wine-producing country in the world is 
France, which possesses nearly 4,000,000 acres of vine^^ards. 
There, wine is a common beverage, being consumed more or 
less as tea and coifee are consumed in Great Britain. Italy is 
the second largest wine-producing country, with more than 
2,500,000 acres of vineyards. Australia and South Africa are 
now quickly developing their wine industries. 

Wine is the fermented product of freshly gathered grapes. For 
this reason, the vineyards of France, etc., are famous all over the 
world (Fig. 177). Wine is produced by crushing the grapes and 
then allowing fermentation to take place. Here, there is one 
important difference from that of beer-making, because in wine- 
making the yeast need not be added. Yeast spores are very 
common in the atmosphere, as already stated, with the result 
that yeast plants grow on the skin of the grape. This naturally 
occurring yeast supplies the necessary enzyme, zymase. 

Bed wines are more or less the pure product of fermentation 
of the grape juice. In the case of port wines, extra alcohol is 
usually added. White wines are treated in various ways to get 
rid of the colour. Sparkling wines differ from still wines in that 
they are bottled before fermentation is complete, as in the case 
of bottled beers, with the result that the carbon dioxide, formed 
after bottling, is released on opening the bottle, thus giving the 
sparkling effect. In wine-making the whole fruit of the grape, 
including the skin, is used. On the other hand, champagne is 
prepared from the juice only. No skin is used. That is one 
reason why this beverage is so expensive. 

Vinegar 

A by-product of wine-making is vinegar. This substance is 
also manufactured during the making of cider, which is a beverage 
produced from the fermentation of the juice of the apple. There 
is little doubt that vinegar was first produced, probably by the 
ancient Greeks and Romans, by the natural souring of cheap 
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wines ; but it began as a separate industry for the first time in 
the seventeenth century in France. The reactions which take 
place in such a process involve chiefly the production of acetic 
acid from the alcohols in the wine. Acetic acid is the main 
constituent of vinegar. The organism responsible for this 
souring is a bacterium Imown as Bacterium aceti. 

Power Alcohol 

Alcohol may have a great future, not as a beverage but as a 
means of producing power, in place of the widely used petrol 
of to-day. Already there is an Act in force in Czechoslovakia 
which compels the use of 23 per cent, ethyl alcohol to 77 per 
cent, petrol in all motor engines. This is calculated to help the 
great potato industry, for it is the starch of the tubers which is 
used as the fermenting material. In Germany also gasoline 
must contain at least 10 per cent, alcohol, else a tax is levied. 

In view of the absence of oil-wells in Great Britain, the 
establishment of alcohol as a means of power would prove a 
boon to this country, although the production of petrol from 
coal is already being established on a commercial scale. 

To-day, industrial alcohol is produced chiefly from molasses, 
and a purity of 99*99 per cent, can be obtained cheaply. Until 
1932, the purest commercial alcohol was only 96 per cent, 
absolute. It is this attainment of a much purer product which 
has made the advent of power alcohol a certainty, because the 
main im])urity formerly was water, and if water is present, 
alcohol will not mix with petrol. 

Many practical tests in several countries have confirmed the 
utility of alcohol as a motor fuel. Indeed, it is common practice 
to use a proportion of it in racing cars. In Paris, most of the 
omnibuses use it in a 50 : 50 mixture of alcohol and petrol, the 
engines being specially adjusted for the purpose. 

Agriculture in this and other countries is suffering severely 
from the present economic conditions. If the production of 
pure alcohol on an extensive scale can be made w^orth while, 
then it should prove a great boon to agriculture, for through 
agriculture, carbohydrates, the raw material for alcohol pro- 
duction, can be grown cheaply and in large quantities. 
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PRACTICAL WORK 


!. Demonstrate the process of respiration in plants. 

There are several methods of doing this, the best depending upon 
the production of carbon dioxide during 
the process. The following are suggested 
methods, though it is not proposed that 
ail the experiments should be attempted. 

(а) Soak some pea seeds in cold water for 
twenty -four hours. The seeds ■will absorb 

some of the -water and are then ready for //me- 

germination, which demands the expendi- 

ture of much energy. Consequently, res- soa/ced ^ 

piration is particularly high in soaked A 

seeds. Fill a %vide tube with lime-water 

and place this inside a larger bottle. Then 

put some of the soaked peas in the bottle E^cnsai- 

and tightly cork it 

Lime-water is turned milky by the ab- 
sorption of carbon dioxide. Therefore, 

leave this apparatus for about t\?enty-four hours, then record and 
cliseuss tlie results. 

(б) Collect a large number of heads of living flowers and push 
them down into the spherical part of a flask. Then invert the 
flask over a dish of mercury, so that the mouth is below the sur- 
face. Now, by means of a bent tube, 

1t allow some strong caustic potash 

. solution to rise to the surface of the 

“^eads J^i^i’cury inside the neck of the flask 

xAf ter a few hours, the mercury -will 
rise inside the flask. This can be ex- 
^ . plained by the respiratory activity of 

poia% the flow^ers. During the process, oxy- 
■ gen is absorbed from the enclosed at- 

mercury mosphere of the flask, and an equal 
volume of carbon dioxide is given ofl. 
I Therefore, there should be iro change 
; J in the volume of the atmosphere in 
thc flask. But caustlc potasli Slssolves 
FOB DBMOXSTRATINO Abko- Carbon dioxide easily Hence the re- 
Bic Resciration. duct ion in volume oi the atmosphere 

of the flask. 

Record this experiment and discuss the results. 

(c) 8et up the experiment as sho-wn in Fig. 180. By means of 
gummed paper, mark the level of the mercury in the tube at 
hourly intervals. Record and discuss the results, 

{(1) Set up the apparatus shown in Fig. 181. Great care must be 




I flower 
T'heads 


caustic 

potash- 

\wercury 


Fio. 179. Experiment 

FOR DEMONSTRATING AERO- 
BIC Resfiration. 
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taken that all the connexions are air-tight. This can be done by 
snieariim with vaseline. Then draw air slowly through the 
apparatus by fixing the end indicated, to a filter pump. If such 
a pum|;? is not available, remove the soda-lime tube and fix the 
end, indicated in Fig. 182, to the apparatus in place of the soda- 
lime tube. Fill the very large upper vessel with water and then 
turn on the tap slowly. By this means, air will be forced through 
the' apparatus. 

After a time, notice that although the lime-water, through 
which the air current bubbles before passing tlirough the soaked 



Fio. 180. Experiment for demonstrating Aerobic 
Respiration. 

peas, remains clear, that through which the current bubbles after 
having fiassed through the soaked peas becomes milky. 

Realising that soda-lime and caustic potash absorb carbon 
dioxide, fully explain these results, first of all from the chemical 
point f»f view. Then discuss them from the point of view of 
respiration. 

2. Show that respiration takes place both in the light and in 
the dark. 

Perform any of the experiments suggested in Experiment 1 in 
the ligiit and in a dark room, and corhpare the results. 

3. Show that normal plants can respire for a time in the absence 
of oxygen (ancerobic respiration). 

Fill a test-tube with mercury and, sealing the end with the 
finger, invert it over a dish of mercury, with the mouth of the tube 
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below the surfaee. Then, by means of the fingers, insert some 
soaked peas, one at a time, into the mouth of the tube. These 



\ 'bubble \ bubble \ \ ''bubble 

caustic potash clear lime -water dear lime-water soaked peas milky lime-water 


Fig. 181. Expeeiment for demonstrating Aerobic 
Respiration, 

peas will rise to the top of the tube (Fig. 183). Support the tube 
in this position by means of a clamp. 

After about twenty-four hours, the peas will have given off a gas 


.glass tube 



Fig. 182. 


which has forced the mercury some distance down the tube. The 
gas can be showm to be carbon dioxide by allowing a little strong 
caustic potash solution to rise into the test-tube from a bent tube 
inserted at the mouth. The potash, now in contact wuth the 
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carbon dioxide, absorbs it, and the mercury rises again in the 
tube. . . 
Eecord these results and discuss them. 



soaked peas 


mercury 





Fig. 183. 


Experiment for demonstrating Anaerobic 
Kespiration. 


4. Show that energy, in the form of heat, is liberated during the | 
process of respiration. * 




Fig. 184 . Experiment to show that Heat is liberated 
DURING EesPIRATION. 


Choose some soaked peas, then divide them into t%vo groups of 
equal numbers. Place one lot in a thermos flask into which a 
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thermometer has been inserted, making sure that the stopper is 
tidit (Fig. 1 84). Put the other lot of peas in boiling water and boil 
tliern for about ten minutes. Remove them and allow to cool 
down to the normal temperature. Then treat them as the first lot. 
By boiling the peas, they have been killed. 

"After a day, remove the thermometers and record the tempera- 
ture indicated by each. Realising that only living things can 
respire, explain the results obtained. 

The evolution of heat by plant material can also be demon- 
strated in a manner representing the ‘ sweating ’ of hay. 



Fio. 185. Apparatus ima preparing Ethyl Alcohol. 

Fill a pail with cut grass, pressing it dowm firmly. Then insert 
a thermometer in the grass. Record the temperature periodically 
for several days. 

Wounding a plant causes an increase in respiration and con- 
sequently an increase in the evolution of heat. To what extent 
the heat'given off by cut grass is due to normal respiration of the 
cells and to wounding has not been determined. 

5. Examine some yeast cells under the microscope. 

These cells are rather small, so great care is needed. Mount a 
little in water and examine under the low power. Look for ex- 
amples of budding. Then, under the high power study the struc- 
ture of a yeast cell in detail, noting especially the intranuclear 
\'aeiiole. This is not easy, and a specially prepared, stained slide 
of yeast is to be recommended. / 

6. Make a preparation of ethyl alcohol by the activity of 
zyma.se on glucose. 


286 EVERYDAY BOTANY 


Prepare a weak glucose solution and put into a flask. Introduce 
a little yeast into the solution, then connect the flask to a second 
flask as shown in Fig, 185. 

Keep a running account of the experiment during the next few 
days. Notice that the yeast increases, giving a frothy appearance 
to the solution. Periodically, too, bubbles of carbon dioxide are 
given off from the end of the bent tube in the second flask. This 
carbon dioxide is absorbed by the soda-lime. 


CHAPTER XIV 


IRREGULAR NUTRITION AND DISEASE 

Though the normal nutrition of plants and animals is of the 
utmost importance to science and the well-being of civilised man, 
irregular forms of nutrition, of which there are many, are equally 
as important, especially from the point of view of agriculture, 
horticulture, veterinary science and medicine. • 

The regular form of nutrition in the plant is by photosynthesis . 
In the animal, it involves chiefly the consumption of plant and 
other animal material. Many plants and animals, however, do 
not obey the normal rules of nutrition, and such organisms, 
though in many cases useless but harmless, in many others the3^ 
are useful, and in others very harmful owing to their irregular 
mode of life. 

Parasites 

Animals either consume plants or animals, dead or alive ; but, 
whichever it is, very soon after the victim is consumed it dies. 
There are, however, many animals which never obtain their food 
in this normal fashion. Instead, they attack other animals and 
al)sorb part of their victim, leaving the victim still alive. More 
often than not, such animals attack a victim and live on it, 
either externally' or internally, without killing it. As the victim 
consumes its food normally, the attacking animal absorbs some 
of this food from its victim. 

An animal which lives on another in this irregular manner is 
called a parasite, and the victim on which it lives is referred to as 
the host. Animal parasites of this nature may be beneficial to 
the host, or they^ may be perfectly harmless though useless, oi* — • 
and this is much more common — they are very harmful. 

Harmful animal parasites are responsible for many- well-known 
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diseases, both in the lower animals and in man. Sometimes the 
host recovers from its disease by getting rid of the parasite in some 
way. Very often, on the other hand, the parasite kills the host. 

Many well-known plants do not contain even a vestige of 
chlorophyll, and it is therefore quite clear that they cannot live 
normally by photosynthesis. On the other hand, they carry on a 
very irregular form of nutrition. Some such plants are parasitic 
on animals. Plants of this nature usually cause disease to the 
hosts concerned. Other plants are parasitic on other plants ; 
so here we have a plant parasite on a plant host. This type of 
parasitism underlies the majority of plant diseases, which cost 
the agricultural and horticultural industries of the world many 
millions of pounds each year. 

Saprophytes 

There are many other plants, some of which are well known, 
which do not resort to such drastic methods for their irregular 
form of nutrition. These plants are not green, and therefore 
must obtain their food already manufactured for them. But, 
instead of attacking living plant or animal hosts, they live on 
the decaying material of dead plants and animals. It is quite 
clear that when an animal or a plant dies, in the dead material 
left behind there must be quantities of carbohydrates, proteins, 
fats, etc., present. The plants in question absorb these foods. 
Plants which live on decaying dead material are therefore not 
classified with parasites. They are placed in a group by them- 
selves, and are called saprophytes. 

It must be clearly understood from the beginning that it will 
be impossible to consider more than a small fraction of each type. 
A consideration of parasites in animals will give some idea of 
how widespread this phenomena is through the whole kingdom 
of life as we know it to-day. 

Animal Parasites on Animal Hosts 

Certain animals are parasitic on other animals. One very 
important parasite of this type is the parasite which, through its 
parasitic habit, causes, the well-knovm disease called malaria. 
This disease is caused by a microscopic organism, commonly re- 
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ferred to as the malarial parasite, which lives in the blood-vessels 
of man. There it lives on the substance of the blood, thus caus- 
ing the disease. 

This is a very important parasite, since it is very wide in its 
distribution and probably causes more illness and death than any 
other disease, to which both military people and others who have 
lived in tropical regions will testify. The late Sir Andrew Bal- 
four estimated that the cost of malaria to the British Empire 
alone is about £55,000,000 annually. 

Until recent years, little was known about this parasite, 
especially how it managed to get into the blood of its victim. At 
that time, the parasite made it impossible for the white man to 
live in certain parts of Africa. Then, towards the end of last 
century, Sir Patrick Manson and Sir Ronald Ross carried out some 
very important work on the problem, and showed that the 
parasite has to pass part of its life-history in the body of a 
mosquito. These mosquitoes usually develop in stagnant 
water, and thus, by the destruction of such breeding places, or 
by pouring oil over the water, the spread of malaria by the 
mosquito has been controlled to a great extent. In this way, ♦ 
certain parts of Africa, until <^uite recently referred to as the 
white man’s grave ” owing to their being infested with malaria, 
have now been made quite healthy regions. 

Of the multicellular parasitic animals there are, unfortunately, 
all too many. Their hosts are often domestic animals, such as the 
cow, sheep and pig. Multicellular animal parasites also live 
parasitically on other edible animals, such as fish. Worse still, 
certain types use man as their host. 

One common example is the tapeworm. This is a long, 
flattened animal which lives in the intestine of man. 

Animal parasites, however, sometimes have their uses. For 
example, insects are the unwilling hosts of many different 
animal parasites. Certain of these parasites cause the death of 
their insect host. Now a large number of these insect hosts 
themselves are dreadful scourges where plants are concerned. 
They attack plants parasitically, with the result that tremendous 
ares^ of cultivated plants of all descriptions are ruined. One 
way of preventing this would be to try and get the parasite to 
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attack its insect host, and thus destroy the insect before it can, in 
its turn, destroy the plants. This has been tried in many cases. 
To-day, it is a very popular method of dealing with certain crop 
diseases in the tropics. Agriculturalists in the tropics, who have 
to deal with many different kinds of crops, have even gone so far 
as to import large numbers of certain parasites for the purpose 
of attacking such diseases. The effect has been excellent, in- 
volving the saving of millions of pounds sterling in many cases. 

Plant Parasites on Aninnai Hosts 

Apart from the great group of bacteria, comparatively few 
plants are parasitic on animal hosts. There are some, how’-ever, 
and what there are have proved, and are still proving, very 
troublesome. 

All such parasitic plants are colourless, that is, they contain no 
chlorophyll, and nearly all of them belong to the fungi. Being 
colourless, they cannot manufacture their own food, therefore 
they attack their animal hosts, chiefly in order to absorb manu* 
factured food from them. 

Certain strains of yeasts attack the blood-system of some of 
the lower animals, and from the blood of their hosts they absorb 
the food they require. Their parasitic habit often results in the 
death of their host. 

Many sportsmen who are keen on fishing are familiar with the 
terrible disease which attacks salmon, often causing so much 
havoc amongst that fish .that some rivers, well-known for their 
salmon-flshing, are at times scarcely worth the trouble taken over 
the sport. This disease has been known for about a century and 
is caused by a fungus called Saprolegnia, This fungus attacks 
its host, the salmon, at its gills. There, the fungus grows by 
absorbing nutrition from its host. Finally the growth of the 
parasitic Saiwolegnia achieves such dimensions that the gills 
cannot carry on their work, that is, breathing. Thus the fish is 
killed by a form of suffocation. This disease often breaks out 
into such terrible activity that an epidemic occurs, and thousands 
of the salmon are killed in one season. 

. Ringworm, a skin disease in man, is also caused by several 
forms of Fungi. ; , 


IRREOLTLAB NUTRITION ANB DISEASE 


291 


Bacteria 

The great group of bacteria contains many parasitic types. 

It must not be imagined, however, that because many bacteria 
are parasitic therefore they aZTare. This is far from being the 
case. Qu ife a large number of bacteria are free-living and harmless ; 
others are free-living and distinctly useful^ especially from man\s 
point of view ; for example, the nitrogen-fixing bacteria which 
were considered in Chap. VIII. Certain bacteria are used in the 
' curing ’ of tobacco. Other bacteria are used in the disposal of 
sewage, and also in various industries, such as baking and brevr- 
ing. So, although bacteria have a very bad name in causing a 
large number of diseases in animals, including man, also in 
causing havoc in certain industries, such as in the weaving of 
falaics, it must be realised that not all bacteria are ‘ tarred with 
the same brush.’ In fact, one can safely say that there are 
just as many useful bacteria as there are harmful. 3Ian depends 
on the useful bacteria almost as much as he is crippled by the 
harniful types. % 

All ba<*teria are unicellular plants. They exist in different * 
forms, but in all cases they are single cells which contain no 
chlorophyll . The cells of bacteria are some of the smallest known 
to science. 

In view of the absence of chloroph}^!, all bacteria are forced to 
be either parasitic or saprophytic. The parasitic types are the 
most important to man. By attacking certain tissues in the 
human body, and especially the blood, they are the cause of 
many well-known diseases. For example : erysipelas, menin- 
gitis, diphtheria, tuberculosis (consumption), anthrax, typhoid 
fever, dysentery, cholera, various plagues, and tetanus (lock-jaw) 
are just a few^ of the diseases of man caused by the parasitic 
activities of various bacteria (Fig. 7). 

Until about seventy years ago it was not really known how 
bacteria were formed. People believed then that bacteria were 
produced from putrefying plant and animal matter. In other 
words, they thought that living plants were generated from dead 
material — a belief that we nowadays should hold untenable. 
This sudden springing up of life was called spontaneous genera- 
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tion. But the gi*eat French scientific worker, Louis Pasteur, 
investigated all ideas of spontaneous generation and showed they 
were unproved. Pasteur did much work in fermentation, etc., 
but in 1864 he made his name immortal the announcement 
that bacteria are not spontaneously generated from putrefying 
material, but are spread about the earth either themselves or by 
means of spores, somewhat similar to those of yeast, though much 
smaller. This immediately led to the recognition of why 
diseases can be infectious, thus causing a healthy person to be 
attacked by a disease, without necessarily coming into actual 
contact with a diseased person. The disease is spread by means 
of the bacteria floating in the air, or, even more, by the lighter 
bacterial reproductive spores. 

The means whereby plant and animal diseases can be spread 
are manifold. Contact with an infected organism is the simplest, 
but some disease-causing organisms, especially bacteria, can be 
conveyed by wind, and over many miles of sea by ships. The 
aeroplane is now coming under suspicion as being a means of 
conveying disease into countries where it was hitherto unknown. 

To wdiat extent the disease-carrying possibilities of the aeroplane 
may develop, unless studied and checked by science, can be 
gauged by progress in aviation itself. 

The question of paramount importance is : How do the > 
disease bacteria get into their hosts ? This can take place in one , ‘ 
of two ways. The bacteria or their spores can enter through an 
open wound (that is why wounds should be kept clean and well- 
bandaged), or they can get in through the nose and throat. The ; 
breeding and spreading of bacteria can be curtailed by keeping : 
homes, streets, buildings and even our own persons clean, by 
sneezing or coughing into a handkerchief, and by isolating ■ 
disease-stricken patients. A well-known method of counter- ' 
acting contagion is by pitting people, disease-stricken, or sus- ^ 
pected of a disease, into quarantine. 

Bacteria and Antiseptic Surgery 

Until comparatively recently, parasitic bacteria took a heavy 
.toll of lives of people during surgical operations. Naturally a 
surgical operation involves. a wound, and, in the early days, 
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i>acleria soon entered since they, or their spores, are constantly 
present in the atmosyjhere. The cause of death was usually a 
])arasitic bacterium which set up blood poisoning. 

Blood poisoning during an operation, so common a few decades 
ago, is scarcely ever known now. This is due to the great 
scientific work of the British surgeon, Joseph Lister, who was born 
in Essex, in 1827. While on the staffs of the University of Glasgow 
and, later. King’s College, London, Lister experimented with 
carbolic acid and found that it prevented bacteria from entering 
surgical wounds and setting up septic poisoning, by killing the 
bacteria. This work he developed to a great extent, and thus 
introduced what is now called antiseptic surgery, thereby saving 
niiilions of lives during surgical operatioris throughout the w'orid. 
For this great work Lister was raised to the peerage in 1897, and 
is therefore more familiarly known as Lord Lister. 

The antiseptic surgery of Lister, introduced about fifty years 
ago, has since been much modified. Carbolic acid is not often 
used now; but the fundamental fact is the same, that is, to 
prevent the parasitic activity of those dreaded disease-carrying 
bacteria. Antiseptic surgery means placing an antiseptic sub- 
stance on the wound to prevent bacterial entry. Nowadays, 
surgery is not only antiseptic, but also*aseptic. This means that 
all efforts are made to prevent any bacteria or their spores being 
an}W5^here near a wound, thus eliminating the necessity for 
killing them. This is done by keeping operating theatres 
scrupulously clean and sterilising (that is, so treating a thing 
with various solutions or heat that any living thing present on it 
will be killed) all instruments, dressings and even the surgeon’s 
and nurse’s hands. Rubber gloves are used for preventing any 
bacteria, etc., passing from the patient to the surgeon or vice 
versa, and masks are worn over the mouth by the nurses 
and surgeon, in order that they may not breath any bacteria 
on to the patient or, on the other hand, inhale bacteria from 
the patient. 

Virus Diseases 

Much more recently, worse infective agents of disease have 
been discovered. These are very difficult to investigate, and, 




Left, yellow mosaic in tomato ; right, a virus disease in tobacco. 

(Photos, Hndly supplied hy Dr, Redcliffe N. Salamafiy Director of the Potato 
Virus Research Station, School of Agrmdture, University of Cambridge.) 

The first virus discovered was that responsible for the disease 
called foot-and-mouth disease of cattle. The virus which causes 
this disease was discovered by Loeffler in 1898. 

Now, much work is being done on viruses, for they are very 
important, being responsible for such diseases as foot-and- 
mouth disease, yellow fever^ rabies, cowpox, dengue, smallpox, 
mumps, etc. It has been suggested that influenza and even 
cancer may be caused by these ultra-microscopic viruses, but, 
unfortunately, nothing has been conclusively proved yet. 
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indeed, though a great deal of research is being carried out 
on them at ]>resent, we know comparatively little about them. 
The reason why such agents of disease are so elusive of investiga- 
tion is that they are so small, being much smaller than bacteria. 
It is very difficult to say whether they are living things or 
merely non-living chemical substances. These substances are 
called viruses, and are responsible for many dreaded diseases in 
plants and animals, more especially the latter. 
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It is ni)\v n^alivscd that Tirases are respdndble for certain plant 
(fiseast's, and that viruses are probably more devastating than 
bacteria, in the case of plants. The'first plant virus was dis- 
ccvereri by Iwanowski in 1892, who showed that the tobacco 
mosaic disease (a disease which attacks the leaves of the tobacco 
|)lant and causes much havoc amongst the crops) is caused by a 
virus. 

^lany other plants suifer from mosaic diseases, such as the 
jx>tato, sugar-cane, tomato, bean, pea, clover and so forth. 
They are all caused by viruses, and the first symptom is the 
appearance of white or coloured patches on the leaves (Fig. 186). 
\\diereas in some cases the disease scarcely goes any further than 
this, and thus causes little damage, in others it causes the whole 
plant to be affected and sometimes destroyed. The trouble is 
tiiat such mosaic diseases are very infectious. Much work is 
l>eing done at the present time on plant virus diseases, especi- 
ally in the research stations connected with the plantations 
which suffer from them, and also at the Eothamsted Experi- 
mental Station in Hertfordshire and at the University of 
Cambridge. 

Animal Parasites on Plant Hosts 

Animal parasites on plant hosts are usually very small tyjDcs, 
such as insects and certain worms, etc. Aphides are familiar in- 
sect parasites in the garden and greenhouse. The green aphis 
attacks many greenhouse plants. The black aphis attacks broad 
Ixans, sometimes completely covering the young shoots, making 
them appear black. Locusts, and their disastrous effects on 
vegetation, especially in Egypt and the Near East, have been 
notorious since pre-Biblical days. 

To-day thousands of insect pests are recognised, causing great 
damage to crops. Much money and time are being spent on 
dealing with them ; but, unfortunately, this is nec&sary. 

A great pest of the potato, common in the United States and 
South America, is the Colorado potato beetle. An example of how 
diseases can be conveyed from one part of the world to another is 
shown by this pest, which has now spread over nearly a third of 
France, having been brought over unwittingly by American 
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troops or supplies during the War, German scientific workers 
are now visiting the French infected areas in anticipation of an 
eventual invasion of Germany by this unfortunately introduced 
plant pest. 

The eel- worm, which attacks several crop plants, chiefly 
through the roots, is another ail too prevalent animal pest. 

Plant Parasites on Plant Hosts 

Of more immediate interest to us, as botanists, are those plants 
which are parasitic on other plants. These are not only interest- 
ing, but many such plants are also of the greatest importance to 
agriculturalists and horticulturalists all over the world. 

All real parasitic plants which have plant hosts are colourless ; 
hut not all are fungi. There are several more advanced plants, 
even flowering plants, which are parasitic. In many cases the 
parasite kills its host, in others the parasite causes disease, so 
that the host becomes deformed, or its growth is curtailed, or 
its production of fruit very much reduced. There are some plant 
parasites, however, which scarcely affect their plant hosts at all 

Bacteria in Plants 

Certain bacteria are parasitic on plant hosts, thus setting up 
disease in the host. For example, the fire blight of apples and 
pears is caused by parasitic bacteria. 

Fungal Parasites in Plants 

Many well-known plant diseases are caused by certain 
fungi. One very familiar example to all potato growers is the 
potato blight. This is caused by a parasitic fungus called 
Phytophthora infestans. This plant is a colourless, multicellular 
plant, composed of long threads, much finer than those of silk, 
known as hyphas. The spores attack the host, the potato plant, 
through the^stomates of the leaves (Fig. 187). Once inside the 
leaves they develop and send out long hyphae, which penetrate 
the cells of the leaf and extract food from them (Fig. 188). The 
result is that patches of a pale green colour appear in those parts 
of the leaves where the hyphae are carrying on their parasitic 
life (Fig. 189). 
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E\entually these patches turn brown because the cells of 
the leaf whicii are attacked are killed by the activity of the 
parasite. The hjq^haa of this para- ^ 

site grow throughout the plant and ( 

eventually get into the tubers them- ^ 

selves. Here they penetrate the V 
cells to extract foods, eventually I 

causing such cells to rot and thus 

making the tubers unfit for human J 

consumption. / q C 

Potato blight is a comparatively 
new disease. It was first noticed in \ U 

Europe and North America in 1840. \ 

In 1846 it assumed widespread ac- 187. Surface View 

tivity in Ireland, and caused such a^acked*^ ^/'^Spobes *of 
a dreadful failure in the potato Potato Blight. 


crop that famine ensued, since that 
country depends so much upon pota- 


Tho spores are just begin- 
ning to develop and pene- 
trate through the stomates. 


toes for food. Wet seasons are usually Highly magnified, 
favourable to the disease, probably 3iarshau ward.) 

because the spores of Phytophthora thrive in a humid atmosphere. 



Fig. 1S8. Section op Part 
OF A Potato Leaf infested 
with Hvfhae of Phytophthora 
infestam, 

A reproductive hypha is grow- 
ing out through a stomate. 

(After Marshall Ward.) 
k2 


Some plant parasites, such as 
those which cause diseases known 
as rusts, have two hosts on which 
to complete their life-history. 
Plant rust diseases are very com- 
mon among grasses and cereals, 
such as wheat and maize. 

A rust, very well known to 
farmers, is the rust of wheat 
caused by the fungal parasite 
called Piiccinia graminis. This 
attacks the leaves of the wheat 
plant, causing coloured patches 
to appear on them (Fig. 190). Then 
it produces several types of spores. 
One type is shed on to the soil, 
where the spores remain during 

B.E.B. 
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Fic, 180. Potato Leaf attacked 
BY Phytophthora infestans. 

(After Sornuer; from Marshall Ward.) 


these liyphiB new spores are 
again, which attack the former host, the 
wheat. 

Thus, it is quite clear that this 
parasitic nist disease can be very much 
curbed by making sure that the second 
host, barberry, is not growing any where 
near the wheat. For this reason, in cer- 
tain parts of the great wheat-growdng 
regions of Canada, the United States 
and the U.S.S.R., it is illegal to grow 
barberry, even as an ornamental shrub 
in a flower garden. 


the winter, and attack the 
wheat again in the next season. 

Another type of spore cannot 
develop unless it is on a new 
host. This host is the familiar 
ornamental bush known as 
barberry {Berberis vulgaris). 
The spores develop on this 
plant and produce more hyph^e 
on the leaf, which cause yellow 
patches onit (Fig. 191 ). From 
formed 



Fig. 190. Upper Pob- 

TION.OF THE StaLK OF 

Wheat Plant attacked 
BY Puccinla. 

(After Marshall U'ctrrf,) 


Parasitic Flowering Plants 
Apart from the many parasitic fungi 
which attack plants, there are several 

parasitic plants of the higher 
, ..groups.'' 

One well-knowm example is 
the dodder {Cuscuta europcea). 
This is a flowering plant, but it 
is absolutely devoid of chloro- 
phyll. Therefore it has to resort 

, r irregular methods of obtain- 

191. Leaves of Babberby - j. , i 

attacked by Puccinia. hosts are clover 

(After Marshall Ward.) {Trifoliumpratense),goTse{Ulex 
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efn'oprrny) aiKi heather (Calluna vulgaris), etc. The dodder has a 
\'ellowish. t hread-iike stem which twines round the stem of its host 
192 and 193). At intervals up the stem, the parasite sends 
oil snc]a‘rs or hanstoria w’hich penetrate the stem of the host until 
they tap the vascular bundles containing the food, and, by means 
of the haustoria, food is extracted from the host plant. Natiir- 


Fio. 192. Dodder parasitic on the Stinging Nettle. 
(Photo, Hetiru irvinff.) 


all}’', this being the case, one would not look for leaves on the 
dodder itself. Nevertheless, they are there, but since they are 
not required as photosynthetic organs, they are reduced to 
colourless scales. The flowers of the parasite are produced in 
rosettedike bunches, and are pink m colour. This parasitic 
flowering plant is rather common in meadows, and especially 
where clover is grown for fodder. It does not usually kill its 
host, for the host manages to manufacture enough food, in its 
leaves, to supply both itself and the parasite. 
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One particularly interesting example of a thoroughly parasitic 
flowering plant is that called Eafflesia, There are sereral species, 
all of w^ich are native to Malaya. This plant is parasitic on the 
roots of vines. It is parasitic to such an extent tl^at the whole of 
the plant body, including stems, roots and leaves, are all reduced 
to colourless straggling threads which grow through the soil and 
. pierce the roots of their vine host 

\ 1/ extract food. The flower, on 

the other hand, is far from reduced 
M ^ (I'ig* 194). The species known as 

) M { ^ Eaffiesia Arnoldi has the largest 

{ /V/ known flower in the world, being 

j usually a brilliant red in colour, 

measuring 30 inches across and 
weighing 15 lb. It has a repul- 
decaying 

3 ) Treatment of Plant Diseases 

Flowering parasites are not com- 
mon, and they are not very trouble- 
On the Other hand, the fungal 
Right, seedlings of dodder parasites which live on plant hosts 
just germinating ; middle, a are a very expensive nuisance, as 

many farmers and gardeners well 
and scale-like leaves; left, know. Such parasites very often 

rthf irsrr.-s » ™"8 '“»'»■ «>» 

the haiistoria of the dodder crops, thus involving much trouble, 

tremendous damage 
(After Noll,) throughout the world to all kinds 

of crops. Naturally, it is best to be 
able to prevent the disease and, up to a point, this is done. But 
it is not always very easy. 

Such diseases are sometimes prevented by such methods as 
soaking the seeds in certain solutions before planting. The best 
method so far, however, is to destroy all plants which are 
attacked, as soon as it is found that they are diseased. This is 
usually done by burning. Of course, this is only possible so long 
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as evc'ry ])erson who notices any kind of plant disease destroys 
ilw plant at once. For example, there is no cure known at 
present for tlie potato wart disease. Therefore, to prevent this 
from spreading, it is best to destroy completely all plants which 
are found to be attacked by this parasite. To make sure of this, 
the State olten takes a hand in the matter, through the agency 
of the police. 



Ftg. 194. Flower of Bafflesia Arnolds 
The scale represents 12 inches. 
(BrUish Museum.) 


Prevention and cure of disease is still further possible in cer- 
tain cases. For example, the potato blight, if caught in its early 
stages, can be curbed in its ravages, even if it is not completely 
prevented. This is done by spraying the infected leaves with a 
chemical solution called Bordeaux mixture. This mixture is 
made up of 4 lb. copper sulphate and 4 lb. quicklime to 50 gallons 
of water, to which 2 lb. of lead arsenate has been added. Bor- 
deaux mixture is very familiar to potato growers. In spraying, 
care should be taken that the mixture gets on the under surface 
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of the leaves, since the fungus attacks the leaves through the 
stomates, which are chiefly on the under surface. 

There are several kinds of spraying mixtures for combatting 
plant disease. Bordeaux mixture is one ; formalin solution and 
nicotine solution are others. Such spraying mixtures are used 
extensively on fruit, vegetable, tea, rubber, etc., plantations. 

Importance of Plant Diseases 

The amount of damage that plant parasites, in the form of such 
types of fungi as have been examined, do to plant hosts of 
economic importance is nothing short of appalling. It involves 
farmers and various Governments in expense which extends to 
millions of pounds sterling each year. 

Wheat and potatoes need a great deal of attention, as has 
already been seen. But this is only a small fraction of the total. 
In the tropics, and especially the British Empire overseas, 
many plants are grown in extensive plantations for economic 
purposes. Nearly all such plants are subject to the attacks of 
parasites, which have to be dealt with by responsible people. 

Great Britain is a very important agricultural country. It is 
therefore necessary that all crops should be given the closest 
attention. The result is that all plant diseases, the majority of 
which are caused by fungal parasites, are subjected to the 
minutest scrutiny by men of science, some of whom are constantly 
working on the problems involved, at our universities, colleges, 
and research stations. In fact, the Government of Great Britain 
and, indeed, those of most civilised countries make grants 
running into thousands of pounds annually for the purpose of 
this work. The department of the Government which fosters 
work of this nature is the Mnistry of Agriculture and Fisheries. 
In Scotland there is a corresponding Board. 

The result of such administration is the periodic publication by 
the Ministry of results of research work. These publications can 
usually be obtained from His Majesty’s Stationery Office. As 
diseases appear, reports and advice are published. Also, agri- 
cultural advisers are sent out into country districts to give lec- 
tures and advice to farmers and others connected with agricul- 
ture. When a disease, whether of plants or animals, becomes 
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^'en' serious, sometimes the police have to take a hand, esi^eci- 
alh* in seeing that ail cases are reported, where necessary. This 
is a very important step, because some people are naturally 
reluctant to make a report, since it often means expense in dealing 
with the disease, and perhaps even in destroying the diseased 
plants or animals. For example, any potato crop attacked by the 
potato wart disease must be reported immediately 

to the local police authorities. In the case of animals, the ter- 
rible foot-and-mouth disease of cattle must be immediately 
reported. This often results in the destruction of the infected 
animals. Even healthy cattle must not be removed from place 
to place during an epidemic. This has often resulted in certain 
agricultural shows being abandoned. But it is all for the 
common good, though a big expense. 

Research Stations throughout the Empire 

Apart from the work being done in universities on plant and 
animal diseases in Great Britain, there are many stations where 
research into these problems concerned is the order of the 
day. For example, the Agricultural Experimental Station 
at Rothamsted in Hertfordshire does much good work on 
plant diseases under the direction of Sir John Russell. Then 
there is the Imperial Mycological Institute at Kew, Surrey. 
This is concerned with fungal disease chiefly (mycology is the 
branch of botany dealing with fungi, especially parasitic 
ones). This institute is directed by another well-known scien- 
tific man, Br. E. J. Butler. Here plant diseases all over the 
British Empire are carefully examined and reported upon. At 
the Long Ashton Fruit Research Station, near Bristol, much work 
is done on the diseases of fruit trees, especially apples, plums, and 
pears, and also on the willow. Fruit and flower diseases are dealt 
with at the Horticultural Research Station at East Mailing, 
in Kent. 

The ravaging effects of fungal parasites on plant crops are 
taken just as seriously in the British Empire overseas. A brief 
survey of the effects of plant diseases in the Empire will give 
some idea of their importance. 

In the great tropical and subtropical countries, industries 
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such as tea, rubber, eofPee, cocoa, banana, orange, lemon and 
other fruit planting involve the occupation of millions of people. 
Prior to the coming of the white man in these regions, the native 
used to cultivate his land in a very haphazard and non-scienti& 
way. As an Indian proverb says, “ The cultivator's ways and 
the sheep’s ways tend to be the same.’' Little use was made of 
scientific knowledge in such cultivation. For example, towards 
the end of last century, the coffee plants in the plantations of 
Ceylon were attacked by a fungal parasite, through their leaves. 
Nothing was done about it, however, until 1880, Then the great 
botanist, Professor Marshall Ward, was sent for, but be arrived in 
Ceylon too late to save the crops from ruin. Here is a very clear 
example of the result of not taking the disease and dealing with 
it immediately it is detected. 

Twenty -five years ago, diseases broke out in the Indian food 
plants, rice, sugar-cane and palmyra palm, in epidemic form. 
But the botanists attacked the problem immediately. Treat- 
ment was drastic. In the case of the palmyra palm, which, by 
the way, is used for food, for distilling a certain drink and for 
supplying canes for wicker work, nearly a million trees were cut 
out in order to save the rest. It was also found that by removing 
the bud sheaths, the spread of the disease was prevented. This 
treatment in India cost the Government £20,000 in 1921 alone, 
but in the same year the value of the palms saved was estimated 
at £28,000, and since then the number of palms saved must run 
into millions. 

In many other cases, especially in the case of rice, diseases used 
sometimes to become so rampant that the crop was not worth 
gathering. Sometimes even to-day it is found that there is 
nothing for it but to get rid of the crop altogether and to change 
the variety, because some variety of rice, as in other plants, is 
susceptible to a certain disease, whereas another variety of rice 
is more or less immune. 

It has already been seen that one way of dealing with plants 
diseased by fungal parasites is to spray them with certain 
chemical solutions which kffl the parasite. This sounds a good 
method ; but the trouble is that there are very few chemicals 
which will kill the fungus without killing the host as weH. 
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Theref{.)re, man is very limited in Ms choice of fungus-killmg sub- 
staiii-es, which are called fungicides. The two best types of 
fungicide are those which contain either sulphur or copper in 
some form or other. 

Millet, a cereal, is one of the staple foods of the Indian people. 
Until recently, in the Bombay Presidency alone, certain rust 
diseases of this plant cost more than a million pounds annually. 
Now this is being very much reduced by the use of certain fungi- 
cides. In southern India another crop, the areca palm, is at- 
tacked by a fungal parasite, closely related to that which causes 
potato blight. As in the case of the latter, therefore, spraying 
with Bordeaux mixture was tried, and now the gain from 
spraying is estimated at more than £100,000 each season. 

Parasites which are formidable pests in one country are some- 
times found to have very little effect on the same crop in another. 
For example, in the Sudan, there has recently been a great 
epidemic of fungal disease in the cotton areas. A great irriga,tion 
scheme was opened there in 1925, and, whereas before this area 
was sparsely populated and famine-stricken, nowit is peopled by 
nearly 200,000 people, who have gone there to grow cotton on the 
irrigated land. There is one cotton plantation in the Sudan with 
an area of 600,000 acres — probably the biggest farm in the world. 

An Egyptian variety of cotton is used there, but the trouble 
lately has been that this variety is attacked by a certain variety 
of fungal parasite. This parasite is very potent in the Sudan, 
yet in Egypt it has scarcely any effect. The drastic effects of 
the parasite can be seen by the returns published of the crop. 
In the year 1926 the amount of cotton produced in the Sudan 
was 479 lb. per acre. The disease became worse and in 1931 the 
returns showed 129 lb. per acre — a terrible loss. Actually it in- 
volved a loss of 60 million pounds of cotton in the Sudan in 
1931, representing a cost of £800,000. But, thanks to the men of 
' science, the trouble is subsiding, for they found that the disease 
was being conveyed from one generation of plants to another 
through the seed. In other words, the parasite actually passed 
into the seed. It was therefore decided to disinfect the seed 
before sowing, and in 1932 the result was that the yield rose to 
400 lb. per acre. 
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x4nGther British possession where plant diseases are of great 
importance is Jamaica. This colony is noted for its bananas. 
In 1930, 24 million bunches wwe exported. In 1912 the great 
parasitic disease of the banana known as Panama disease was 
first noticed. This de%^eloped to an appalling extent and great 
plantations had to be completely abandoned, thus forcing many 
workers to leave the country and causmg distress among those 
left behind. 

Panama disease is due to a soil fungus. It is still rampant in 
certain banana plantations of the world, and is costing various 
countries millions of pounjls each year. No cure has been found, 
but work is being done especially at the Imperial College of 
Tropical Agriculture in Trinidad to find a variety of banana 
which is better able to resist this troublesome disease. Even to- 
day, botanists are touring the world in an endeavour to find a 
suitable variety of banana. The varieties chosen are sent to the 
Eoyal Botanic Gardens at Kew, Surrey, where they are tried out 
under the direction of Sir Arthur Hill. Then they are sent on to 
Trinidad. 

So important are plant diseases that our colonies must keep up 
their teams of scientific workers to tackle the problems as they 
come along, just as much as the mother country does. A few 
places are worth mentioning to give some idea of the amount of 
work involved. Only a few, however, can be mentioned, for 
there are so many of them to-day. The following research 
stations deal chiefly with the crops mentioned : Central Experi- 
mental Farm, Ottawa, cereals and forage crops ; Dominion Rust 
Laboratory, Winnipeg, cereal rust diseases ; Council for Scientific 
and Industrial Research, Australia, cereals, vines, oranges, 
lemons, grape-fruit, tobacco ; South Africa, Union Department 
of Agriculture, oranges, lemons, grape-fruit, cereals, tobacco, 
cotton, pineapple, olives, coffee, flax, hops, vines ; India, 
Central Cotton Committee, cotton ; Burma, various research 
stations, rice, cotton, wheat, beans, sugar, coco-nut : Ceylon, ' 
Rubber Research Scheme, rubber, and Tea Research Institute, 
tea ; Cyprus, Department of Agriculture, vines ; Trinidad, Im- 
perial College of Tropical Agriculture, bananas. Other nations 
are carrying out similar work. 
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Plant Saprophytes 

Sapropliytic plants are of very common occurrence in nearly 
all parts of the world. Though some of them are troublesome, 
naturally none of them are such dreadful scourges as are many 
plant parasites, for they never attack living organisms. Since 
they never contain chlorophyll, their method of nutrition is an 
irregular one, namely, by extracting food from decaj^ing plant 
and animal material. 

A few flowering plants are of saprophytic habit. For example, 
the bird’s nest orchis has no green leaves. The leaves are re- 
duced to sickly yellow scales. The plant derives much of its 
nutrition from decaying leaves and other humus in the soil, 
chiefly of densely shaded beech woods. It also contains a 
mycorrhizal fungus. 

The majority of saprohpytes are bacteria and fungi. Many 
t^^^es of saprophytic bacteria live on decaying plant and animal 
material, and by their chemical action cause the putrefaction of 
the decaying substance. Such bacteria are called putrefying 
■bacteria.' . 

A very familiar type of saprophytic fungus is the group col- 
lectively called moulds. They live on different types of food- 
stuff, and when they appear the food-stuff is often referred to as 
being ' mouldy.’ 

One very familiar mould is called Mucor. There are several 
t}pes of this plant. One type lives on decaying horse and other 
animal manure. Another lives on decaying leather, the top of 
jam, damp stale bread, etc. 

The plant body of Mucor is composed of long, branching 
threads or hyphae, colourless in appearance. It reproduces 
itself in two distinct ways. One is sexual and the other is by the 
production of spores, very similar to the spores of bacteria. 
When Mucor is about to reproduce by spores, it sends off up- 
right branches, about one-eighth of an inch long. The top of 
each branch swells into a small black sphere which develops 
hundreds of spores within it. Each branch therefore looks like 
a small pin, hence the common name, pin mould. The wall of 
each sphere eventually breaks and all the ripe spores are shed 
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into tfie atmosphere. They are exceedingly small and, like the 
spores of bacteria, are capable of withstanding adverse condi- 


SPORE-BEARINC ORGAN 

enlarged (x 600 } 


spore-bearing organ 


Fig. 195, Mucor, a’ Saprophytic Fungus. 

tions. There are millions of such spores in the atmasphere. Of 
course, the majority die, since they cannot find a suitable place 
for growth. But, since they are so common in the atmosphere, 
it is no wonder that a suitable food such as exposed jam and damp 
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bread soon becomes mouldy by the growth of this saprophyte. 

(Fig. 

Another saprophytic fungus is used in the making of Gorgon- 
zola cheese, a brand of cheese made in England, but more famous 
in Italy. This fungus is called Penicillium (Fig. 196). It is 
inoculated into the cheese and there it develops by living 
saprophytically on the food-stuifs in the cheese, eventually 



F|a. 196 . Penicillium^ a Saprophytic Fttnous (hiohly magnified). 

producing the characteristic green veins in the cheese and an 
improvement in the flavour of it. 

Much more familiar are the saprophytic fungi which grow in 
meadows and on the trunks of trees. Though they never 
contain chlorophyll, they are not always colourless, for many 
are brightly coloured, usually yellow or red. Familiar ex- 
amples of such saprophytic fungi are the mushrooms and 
toadstools. 

The familiar, umbrella-shaped portion of the mushroom is not 
the main part of the plant. It is the reproductive organ. The 
vegetative part of the plant is composed of very fine, colourless, 
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branching liyphsB wMch way through the soil 

containing plenty of decaying humus, such as leaf-mould and 
animal manure (Fig. 197). In Nature, the mushroom reproduces 
itself by means of spores which are produced on *the under 
surface of the well-known structure which grows above the soil. 
If the under surface of this structure be examined, it will be seen 
that there is a large number of surfaces radiating from the 



Fxo. 197. The Mushboom:, a Saprophytic Fungus. 
Note the vegetative hyphae growing below the soil, and the 
reproductive part growing above. 


centre. These are called gills, and on these gills the spores are 
produced. The number of spores that one mushroom is capable of 
producing is nothing short of amazing. Professor A. H. R. Buller, 
a well-known Canadian specialist in fungi, has estimated that one 
large mushroom is capable of producing 10,000,000,000 spores. 
It stands to reason, therefore, that there must be great mortality 
amongst all plant spores, for if they all produced new plants, in 
a very short time the whole world might be smothered with 
mushrooms alone. 

Plant spores of all kinds, being extremely light, travel at great 
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heights in the air. In 1932 an American botanist attempted to 
dist'over the maximum height at which spores can travel through 
the air. By means of an aeroplane, he collected plant spores 
18,000 feet up. Probably they travel even higher. More 
recently, scouting aeroplanes have found the spores of disease- 
producing fungi 10,000 feet uj) in the air. Investigations 
carried out in the United States Department of Agriculture 
have shown that it takes such spores 55 hours to fall to earth 
again, even in a perfectly still atmosphere. So it is clear how 
tremendous are the areas over which plant disease can be 
spread, unless the spores are brought down by rain or some 
other agency. 

The reproductive part of the mushroom is edible, and the plant 
is therefore cultivated for the purpose. The chief thing is to 
supply a soil very rich in humus, and a rather high temperature. 
Light is not necessary, and that is why mushrooms are usually 
cultivated, not in fields, but in disused barns, cellars and tunnels. 
It is very seldom that the spores are planted like seeds. More 
common is it to get blocks of soil in which it is known that there 
are plenty of the real mushroom hyphse. These blocks are called 
mushrobm spawn. The soil used is often covered with grass, so 
the turf is lifted and the spawn placed beneath. Nowadays, the 
soil is often electrically heated, since a rather high temperature 
is desirable. This is worth while, since cultivated mushrooms 
generally command a high price on the market: 

In connexion with the wild varieties of saprophytic fungi 
closely allied to the mushroom, the so-called ' fairy rings ’ of our 
fertile meadows are of interest. These rings are usually almost 
perfect circles of a darker green present in the grass of certain 
fields. They derived their name from the old-fashioned belief 
that they were caused by the fairies dancing round on the grass 
during the night. 

Fairy rings are due to several types of fungus. One is the 
fairy-ring mushroom or champignon. This mushroom is more 
delicious than the common edible mushroom, and is used exten- 
sively in Italy and France for food. It grows in certain parts of 
Great Britain also, and is treasured as a great delicacy. But all 
fairy rings are not caused by this mushroom. Other fungi are 
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also responsible. The deeper colour of the grass is due to the 
presence of thousands of the fungal spores in the soil . If one spore 
be ixhagmed to develop in the soil, it can easily be seen how the 
hyphse from that spore will grow out in all directions from it, 
like the spokes of a wheel. Then new spores are formed, but only 
by the youngest parts of the hyphae ; that is, the ends of the 
hyphse, on the circumference of the circle. Hence the formation 
of the ring. The older parts of the hyphse die away, and grow’th 
goes on year after year, always in an outwards direction. Thus 
the rings are getting larger and larger. Some fairy rings are 
estimated to be 300 to 400 years old. 

It is well known how unhealthy decaying plant and animal 
material can be. Therefore, certain saprophytic plants, fungi 
and bacteria, are useful to man in absorbing such material. Some 
saprophytic fungi and bacteria are thus natural scavengers 
of rubbish. 

On the other hand, certain saprophytic plants can be very 
harmful. All householders, builders and architects know of the 
so-called ‘ dry-rot ’ which often attacks structural timber, re- 
ducing it to a powder. This dry-rot does millions of pounds 
worth of damage every year. Dry-rot is caused by a sapro- 
phytic fungus, Merulius lacrymans, which, penetrating the 
elements of the wood, absorb nutrifying material and cause the 
wood elements to disintegrate. To prevent attack from this 
fungus the wood is often covered with creosote. 

Semi-Parasites 

There are certain other plants which actually live on plant 
hosts and extract a certain amount of food from their hosts. 
But they are not so objectionable as true parasites in that they 
do not completely depend upon their hosts for their manu- 
factured food. They manufacture a great deal for themselves. 
Therefore, such plants must possess green leaves in order to do 
so. Since they extract only a certain amount of food from their 
hosts and make the rest for themselves, they are called semi- 
parasites. 

A very well-known example of a semi-parasite is the mistletoe 
{Viscum album). This plant is an evergreen with forking 
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brarielKW and opposite leaves. It produces yellowish flowers in 
February and March, and eventually its well-known white berries 
which contain a viscous, verv^ sticky fluid. The plant lives on 
apple and, more rarely, hawthorn and oak trees as hosts (Figs. 
198 and 199). The seeds get on to the branches of the hosts 
through the agency of birds. The birds pick the berries, and in 
their efforts to get the sticky material off their beaks, they rub 


Fig. 198. Mistletoe growing on an Apple Tree. 
(Photo. Flatters and Qametf Ltd.) 


their beaks on the branches of the trees. Thus the seeds are 


sown. 

The seed germinates by sending off a sucker or haustorium into 
the bark of the host and thus penetrates the wood vessels. From 
the wood vessels of the hok, it is clear that all the parasite can 
get is water and dissolved mineral salts. But this is all that it 
requires, for, having got this, it can carry on food manufacture 
itself through its own photosynthetic leaves. Thus the haus- 
torium of the mistletoe in the branch of the host performs the 
functions of the root of a normal plant in the soil. The mistletoe, 
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so extensively used in Great'Britain at Ghristmas, is obtained 
chiefly from the apple orchards of Normandy and Herefordshire. 

Closely connected with irregular inodes of nutrition is the 
phenomenon of symbiosis. In this case it is not a question of 


Ft(k 199. Young Seedlings or Mistletoe developing on 
AN. Apple Twig. 

{Drmvn from a specimen in ths Museum y University of Manchester.) 

parasite and host, but two plants living together for mutual 
benefit, .Lichens are composed of a mixture of algae and fungi. 
The fungus extracts food from the photosynthetic algae, whereas 
the latter obtains a certain amount of protection from desiccation 
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and other adverse conditions by being enclosed in the hyphal 
thr(:‘ads of the fungus. Symbiosis between certain roots and 
nitrogen-fixing bacteria has already been described (Chap. VIII). 


PRACTICAL WORK 

1. Examine and draw the leaf of a potato plant stricken with 
potato blight. Look for the lighter patches (or if the disease is 
advanced they will appear dark bro^m), where the leaf is attacked 
by the fungus (Fkytop^dhora), 

"obtain a prepared microscope slide of a section of an infested 
leaf and look for and draw the hyphse of Phytophtkora ramifying 
through the tissues of the leaf. 

2. During the summer, look for plants of dodder coiling around 
the stems of clover, heather, gorse, nettles, etc. Gather some 
specimens for detailed study. 

Make a drawing of the whole plant, noting the manner in which 
it coils around its host, its reduced, scale-like leaves, and its pink 
flowers. Notice the absence of chlorophyll, and explain the 
parasite's method of nutrition in view of this. 

Make a thorough examination of the haustoria and cut a trans- 
verse section of the stem of the host plant, in the region of a 
haustorium. Notice the type of host tissue which the haustorial 
ceils penetTate. Make drawings of the section. 

3. Make drawings of, and describe, any other parasitic or 
saprophytic flowering plants which may be identified during a 
country excursion. 

4. Place some damp bread under a bell-jar and leave it for a few 
days until it becomes ‘ mouldy.’ 

Then take a very small portion of the mouldy bread and 
examine the fungus responsible for this condition, with the high 
power of the microscope. Look for, draw and describe any spore- 
producing bodies of Mucor which may be discovered. 

5. Examine, draw and describe the reproductive portion 
(fructification) of a mushroom. 

Choose a ripe fructification and remove the stipe (‘ stem ’) and 
place the umbrella-shaped part (pileus) on a piece of paper with 
the gills downw^ards- Leave for a few days, then gently lift 
the pileus, when the shape of the gills will be traced on tlie paper by 
thousands of small, black, reproductive spores which have been 
shed. 

6. Examine a mistletoe plant (if possible still growing on its 
host). Notice the green leaves, and thus explain why this plant 
is referred to only as a semi-parasite. 




CHAPTER XV 

PLANTS WHICH PREY ON LIVING ANIMALS 

ALTHorcjH plants are consumed whole or in part by animals, 
there are very few cases where plants actually consume animals. 
Normally they only consunie the very much changed products 
of animals. 

Nevertheless, there are examples of plants preying on living 
animals for the purpose of nutrition. They actually catch the 
animals, kill them, and then digest them. But stich examples 
are rare, though they have not suffered from the want of extra- 
vagant advertisement. 

Animal-eating plants have caught the imagination of many a 
person, and are especially common in stories of travellers of days 
gone by. For example, for many years travellers in the unknown 
parts of certain tropical regions used to come home with awe- 
inspiring yarns of a ' man-eating tree,’ that is, a tree which was 
able to trap a man if he got too near it, and then digest him. 
Though this myth held sway for a long time, no such tree exists. 
In fact, very few animal-digesting plants exist, and those whi<?h 
do are content with insects and other very small animals. None 
of them are sufficiently powerful to trap and kill very large 
animals. 

Insectivorous Plants 

Some plants, since they consume insects, are called insecti- 
vorous plants. Although comparatively rare, they are of extreme 
- interest in that they have all developed most wonderful methods 
for catching their insect prey. Also, they are worthy of a little 
consideration, for even these animal-eating plants have been the 
subject of gross imagination and exaggeration, even in modem 
textbooks. 
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Charles Darwin 

Much work on the insectivorous plants was done, chiefly by the 
lx‘st inetliod, that of field observation, by one of the greatest 
naturalists the world has ever known, of whom more vlll be 
said later on (Chap. XXIV). This great scientific worker was 
Charles Darwin (Fig. 76). 

Charles Darwin born in 1809 at Shrewsbury. He w^as a 
very successful worker in various scientific fields, with the result 
that he revolutionised existing ideas in many branches of science, 
and brought new light to bear on the great question of why there ^ 
are so many difierent forms of plants and animals (Chap. XXIV). 

The way in w^hich Darwin achieved such success might well be 
taken to heart by all those who wish to inake any scientific study 
a success. This way is best described in his own words : The 
love of science, unbounded patience in long reflecting over any 
subject, industry in observing and cQllecting facts, and a fair 
share of invention as well as common sense.” 

From December 1831 until October 1836, a ship named H.M.S. 
Beagle was sent out on a scientific surveying expedition, going 
td^ several Atlantic islands, the South American coasts, Tahiti, 
New Zealand, Australia, Tasmania, Mauritius, St. Helena, and 
Brazil, amongst other places. Much to his delight, Darwin went 
on this famous expedition as its naturalist. It was on this ex- 
pedition that Darwin collected many of his facts on which he 
based his epoch-making theories later on. So irfiportant were 
some of his publications that his book on insectivorous plants, 
which was published in 1875, was only of a comparati\Tly minor 
character. Nevertheless, this publication paved the way to still 
further study of these plants, thus giving us much of the informa- 
tion we have to-day concerning them. ^ 

Before considering any examples of insectivorous plants, it is 
necessary to reflect on them in general, chiefly to get rid of any 
exa^erated ideas that we may have of them. Some of them 
may be found in Great Britain. It is quite true that they trap 
insects, and consume certain digestible parts of the body of their 
victiml. But not one insectivorous plant depends coynjyletely on 
insects for its nutrition. It is possible to go even further than 
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that : irt.^eds never form, more than a very small fraction of the 
diet of insect ivoroKS plaMs. There is no need to watch sudi a 
])Iant and see how many insects it catches in a certain length of 
time to learn this, for, when it is realised that all insectivorous 
plants })ossess their normal quota of green leaves, it can he con- 
cluded inumediately that their main source of food supply is the 
normal one, that is, photosynthesis. 

Since this is the case, the question arises : Why do such plants 
go to the trouble of trapping insects at all ? This, too, is easily 
answered. ]\Iost insectivorous plants frequent swampy and 
boggy localities. In such localities there is a very sparse plant 
and animal population. The result is that the almost water- 
logged soil contains comparatively little humus. Consequently, 
the nitrogen content of the soil is very low. Also the nitrates 
that are present are being quickly leached out of the soil hy the 
abnormal amount of water present. Therefore, plants which 
grow in such localities or. habitats tend to suffer from the want 
of nitrogen , which they require for food, especially protein, manu- 
facture. Xow insects and other small animals which these plants 
trap have a high protein content in their bodies. Thus, by 
digesting them, insectivorous plants obtain an extra supply of 
nitrogen, to make up for the deficiency of that element in such 
soils. Therefore, the insectivorous habit is a means, not of 
supplying a great amount of food, but merely of making up a 
deficiency in raw food material, especially nitrogen. 

Though insectivorous plants actually can do without such 
animal food, there is little doubt that the nutrition obtained by 
them is valuable. This can be realised best from the words of 
Julius von Sachs, the great German botanist, who replied, when 
someone pointed out that insects were not absolutely necessary 
to these plapts : In Poland and Ireland a great many people 
live only on potatoes, but it does not follow that a beef-steak 
wouldn’t be a good deal better.”. 

Insectivorous Plants of Temperate Countries 

A few species of plants of insectivorous habit are to be found 
growing wild in Great Britain: 

One rather common insectivorous plant is the butterwort 
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(Piwjnieida vulgar is). This is a herb, with leaves I to 3 inches 
kmil. arranged in rosette fashion (Fig. 200). The upper surface 

the leaves is covered with a pale yellow, stick 5 r substance 
which looks like a thin layer of tatter ; hence the name. An 
unwary insect alighting on this sticky surface gets caught like a 
fly on a hy -paper. The margins of the leaf are slightly incurved 
(Fig. 200), and, when an insect 
is caught, they curve over still 
further, thus gripping the insect. 

On the surface of the leaves 
are certain microscopic structures 
called glands. These glands give 
oH a juice containing enzymes 
which help the splitting up of the 
proteins of the insect body, thus 
making them digestible. The di- 
gested proteins are then absorbed 
by the surface of the leaf. This 
plant is quite common in Great 
Britain, especially on the Somer- 
setshire Plain, and in Yorkshire 
and Scotland. It is very widely 
distributed in the north temperate 
zone, and is common in certain 
parts of Canada and the United 
States. 

Another British insectivorous 
plant, but one with a more com- 
plicated trapping mechanism, is the sundew {Drosera rotimdifolia 
and Drosera longifolia). The leaves again supply the trapping 
mechanism. They are green with patches of red on them 
|)ossess long petioles. The laminae are round or oval according 
to the species. The leaves are again arranged in rosette 
The flowers are white and are arranged on rather long, upright 
inflorescences (Fig. 201). 

The edges and upper surface of the leaf of the sundew are 
covered with long, hair-like outgrowths called tentacles. There 
are about 200 tentacles on one lamina. Each tentacle ends in a 


jbiG. 

(Photo. TIenry Irving.) 
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club-shaped swelling covered with a sticky substance which 
looks like dew ; hence the name. When the insect alights on the 

Jeaf, it is thus caught by 
the sticky tentacles. Then 
there is a general bending 
of ail the tentacles to- 
wards the mid-rib, .with 
the result that the insect 
is caught and pressed 
firmly against the leaf 
surface by the tentacles 
(Fig. 202) . The ends of the 
tentacles then secrete a 
protein-digesting enzyme, 
and thus the insect is di- 
gested and absorbed. Af- 
ter the process is finished, 
the leaf attains its normal 
form again, and the indi- 
gestible parts of the insect 
are exposed and blown 
away by the wind. 

The two species mentioned of the sundew are common in the 
swampy regions of Great Britain. This plant is also common in 
North America, and very 
common in Australia. 

A closely related in- 
sectivorous plant called 
Droso'phyllum is common 
in Portugal and it catches 
so many flies that the 
peasants of that country 
call it the ' fly-catcher/ 
and hang it up in their 
houses for that purpose 
just as fly-papers are sus- 
pended in fly-infested 
rooms in this country. 



Fig. 202. Leaves of Drosera rotundifolia. 


Left, viewed from above ; right, viewed 
from the side. The leaf on the left has 
been touched by a pencil (resembling the 
alighting of an insect) and the tentacles 
have bent inwards. 

{AfW Darwin.) 



Fic. 201. Drosera rotundifolia 
(Natural Size). 

Above, a leaf ( x 2). 

( Errera and Laurent.) 
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An even more ingenious method for trapping small animals is 
sfiown in another well-known msectivorous plant which grows in 
c‘ertaiii parts of Great Britain, called the bladderwort {Utricularia 
rulqanH), This is a water plant, and it lives chiefly in stagnant 
water where tiny animals abound. 


BLADDER ENLARGED 




digestive gbnct^ 


SECTION OF BLADDER WITH 
VALVE CLOSED 


COMPLETE PLANT. THE WHOLE OF THE VEGETATIVE 
PMT IS SUBMERGED, WHEREAS THE FLOWERS GROW 
ABOVE THE WATER. 

Fig 203 . Bladderwort. 

The leaves of the bladderwort are very finely divided, as is the 
case in many examples of completely submerged leaves. This is 
to allow the water to flow past the leaves without breaking them, 
as it certainly would do if the leaves offered a large, imseg- 
mented surface. Certain of these leaf segments become much 
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modified into bladder-like structures, thus giving the plant its 
familiar name (Fig. 203). Each bladder has one opening which 
is protected by a valve. 

The valve is as eificient as any valve contrived by an experi- 
enced mechanic, for, while it will open inwards, it will not open 
outwards. A small, unwary insect can thus pass into the bladder 
by pushing the valve aside. It probably uses these bladders as 
a form of sanctuary from pursuing enemies. But, unfortunately 
for the insect, once it has got inside it cannot get out again, for 
the valve will not open outwards. The inside surface of the 
bladder is covered with glands like those of the butterwort, 
which secrete protein-digesting enzymes (Fig. 203). These 
digest the proteins of the insect, and then the soluble nitro- 
genous matter is absorbed through the surface of the bladder. 
The bladderwort is rather common in Great Britain and in 
other parts of the north temperate zone. 

Insectivorous Plants of the Tropics 

The three insectivorous plants just described are the only ones 
which grow wild in Great Britain. This shows how compara- 
tively rare insectivorous plants are. But there are a few very 
interesting plants which demonstrate this habit, native to 
tropical and subtropical regions. 

Gne such plant is called Venus's fly-trap {Dionoea mmci^ula). 
This plant is very common in the peat bogs of North and South 
Carolina (Fig. 204). The first full description of the insectivorous 
habit of this plant was given by Charles Darwin, though it had 
actually been noticed before. 

The insectivorous habit is again connected with the leaf, and 
the mechanism is truly wonderful. The leaves are arranged in 
rosette fashion, as in British terrestrial insectivorous plants. 

Each leaf has two lobes on either side of the mid-rib. On the 
margins of each lobe are long, firm spikes (Fig. 205) . The surface 
is covered with glands, and each lobe has three bristles, each 
of which is sensitive to touch. When an insect alights on 
the surface it cannot help but touch one or all of these sensitive 
bristles. The result is that in less than a second the lobes 
move towards each other, using the mid-rib as a hinge. 
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Tlie margins of the lobes meet each other, and the strong spikes 
intertwine with each other and prevent the lobes from being 
pushed apart. Thus the insect is trapped in a way very similar 
to the catching of a rat with a gin. Then the leaf acts like a 



Fig. 204 . Venus’s Fly-trap, showing some of the 
Leaf Blades opened and others closed, 

digestive gut, and the proteins of the captured insect are 
absorbed and supply extra nitrogen to the plant. 

It is interesting to note the instructive observation that Darwin 
made on this trapping mechanism. His experiment showed 
what a great deaT of juice containing the protein-digesting 
enzymes is secreted by the glands of this fascinating leaf . He 
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waited until an insect was caught in a trap, then immediately 
made a small perforation at the base of the lobes, without re- 
moving the crushed insect. The digestive fluid poured out of 
this hole and flowed down the leaf-stalk, and it eontinued to do 
this for nine days. 

The most interesting type of insectivorous plant is repre- 
sented by the so-called pitcher plants, native to tropical and 



Fig. 205 . Leaves op Venus’s Fly-trap. 

Above, leaf opened, showing spiked margins ; below, 
leaf closed, showing intorlockiug of spikes. 

subtropical regions. There are several types of plant which 
have this pitcher habit. They are grouped together here be- 
cause they all have the same insectivorous habit. This takes 
the form of a pitcher-shaped structure in which the insect prey 
are trapped. 

Pitcher plants are native to tropical Asia, north Australia 
and Madagascar. North Borneo is especially rich in them 
(Fig. 206). 
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The true pitcher plants are called Nepenthes, and there are 
about 60 different species of them. The majority are shrubby 
plants, climbing by means of tendrils which are really extensions 
of the mid-rib of the leaves, from the leaf tips,*^ Certain of 
the leaves appear to develop a pitcher at the end of the 
lamina. Actually, this is not the case. As was shown by Pro- 


PiTCHER Plant. 
{Photo. A. B, Bastin.) 


lessor Karl von Goebel, the famous German botanist, the actual 
pitcher is the modified lamina, and, since something else must 
take the place of this very modified lamina in order to carry on 
photosynthesis, the leaf petiole becomes flattened. Thus, what 
appears to be the leaf lamina is really the leaf petiole. So here 
we have the petiole modified into a laminar structure for photo- 
synthetic purposes, and the lamina modified to form a pitcher 
for insectivorous purposes (Fig. 207). 


326 


EVERYDAY BOTANY 


The pitcher itself is a tubular structure, often bearing two 
wing-like structures running down its outer surface. The rim of 
the mouth has an incurved margin, which has a firm, shining 
surface. The mouth has a definite lid, just like that of a coffee 
pot or hot-water jug. When the pitcher is very young, the lid 
covers the opening ; but as the pit- 
cher grows, the lid opens and is then 
stationary. It takes up an oblique 
position, and is probably used for keep- 
ing rain-water out of the pitcher. 

The size of the pitcher varies with the 
species, from the size of a thimble to 
that of a quart mug. The outside of 
the pitcher is often brightly coloured. 
The colours vary from shades of red 
to yellow, etc., and the variation de- 
pends on all sorts of factors, such as 
light intensity and soil conditions. 
These bright colours, like the bright 
colours of flowers, serve to attract the 
insect prey. A sweet substance is also 
secreted by the stems of the plant and 
right up the petiole to the lid of the 
pitcher. Still more sweet material is 
given off inside the pitcher, just below 
the margin. 

The insect is first attracted by the 
bright colours. Then in its attempt to 
ha^beei^removedln ord7r the sweet food material it crawls up 
to the margin of the pitcher, and tries to 
get at that just inside. In doing so, it 
often slips on the shining surface of the 
rim and tumbles into the pitcher. Once inside it is trapped, 
for two reasons. The inner surface of the pitcher is covered 
with glands. These glands secrete a watery substance which 
collects in the bottom of the pitcher (Fig. 207). Into this 
liquid the insect tumbles and is thus disabled. Also, on the 
inner surface, near the top of the pitcher, is a ring of hairs 



Fig. 207. A Pitchered 
Leap op Nepenthes. 

A portion of the wall 
3e©n removed in order 
to show the digestive fluid 
(.F) ( I natural size). 

(After, mu.) 


PLANTS WHICH PREY ON LIVING ANIMALS 


327 


wliicli point downwards. It is easy to see, therefore, how the 
insect can fall over these hairs, but, even if it can attempt to 
climb out, the downward direction of the hairs prevent it. It 
would be like trying to get through a barbed- wire entangle- 
ment. Thus the insect gets fatigued, faUs into the liquid, and 
is finally drowned. Then the same glands secrete a protein- 
digesting enzyme, and the insect body is thus digested and 
finally absorbed. 

This is a fascinating mechanism and seems to be very 
efficient as a means of trapping insects. ^ 

But, in Nature, the pitcher plant is not so 
efficient as one would imagine. Although 
insects are trapped in this fashion, bot- 
anists who have studied pitcher plants in 
their native localities tell us that they 
are sometimes so inefficient that they 
do not work at all. This happens to such 
an extent that mosquitoes have been 
known to enter the pitchers, lay their 
eggs, and the young have been hatched 
out and escape. The pitcher, therefore, is 
not only an insect trap but also, at times, 
it is so inefficient in its function that it be- 
comes a breeding ground for insects. 

Other types of pitcher plants belong to 
the type known as Sarracenia. These are 
all native to the eastern regions of the United States, and 
there are about seven species of them. They are all herbs. 
The leaves grow direct from the soil, and some of them form 
pitchers (Fig. 208 ). In this case, the leaf is different from that 
of Nepenthes in that, except for a broad sheathing base, the 
whole leaf forms a long, tubular pitcher, with a lid at the 
mouth. These pitchers are similar to those of Nepenthes in 
their mechanism for trapping insects. They are, however, 
probably more efficient. Sometimes, in fact, the pitcher is 
almost full of insects. Thus, when the Sarracenia plant dies, 
it supplies a considerable amount of manure to the soil in the 
form of dead insect humus. 



FiCt. 208 . Pitcher 
OF Sarracenia. 
(Photo. A. II. Bastin.) 
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Aho it has been known thsut Sarracenia is a means of catching 
insect prey for other animals. The pitcher is often so efficient 
that it catches many more insects than it can possibly absorb 
and, as it becomes nearly full of them, other insect-eating 
animals, such as larger insects and even birds, come along and 
help themselves to the prey. Insects have been known to enter 
the pitchers of Sarracenia and lay their eggs. The eggs hatch and 
then birds have been seen to slit open the pitchers with their 
beaks and feast on the insect larvae inside. 

It will be noticed that the insect-trapping mechanism of all 
insectivorous plants, both British and foreign, are produced by 
the laminae of the leaves. In some cases, such as the butter- 
wwt, they are scarcely modified at all, whereas in others, such 
as Nepenthes, they are modified to form an organ completely 
different from the normal laminar structure. 

Pitcher plants, chiefly for the bright colours of their pitchers, 
are sometimes cultivated in greenhouses in Great Britain. They 
may be {^en, too, in the greenhouses of many public botanical 
gardens. Those in the Royal Botanic Gardens, Surrey, 
are excenent’specimensrMd'wer^ visit. 


PRACTICAL AND FIELD WORK 

British insectivorous plants are studied best in their native 
habitats. 

Butter wort and sundew are to be found on the acid soils of 
moors, where there is a lack of nitrogenous compoundvS. Both are 
usually found in the \vetter parts of moors, and sundew may be 
found even in boggy soils. 

Both plants can be kept in a room for some considerable time, 
provided there is plenty of the original soil left around the roots. 
This should be kept damp. 

The commonest British butterwort (Pinguicula vulgaris) has 
rosette leaves. These should be examined and a specimen drawn, 
to show the incurved margins. Note the sticky nature of the upper 
surface. Another species, Pinguicula lusitanica, is fairly common 
near the shores of the west of England. 

The commonest British sundew is Drosera rotundifoUa, which 
may be found in bogs. It has creeping rhizomes. Note the rosette 
arrangement of the leaves. This species has fairly short petioles. 
Draw a leaf, noting especially the tentacles. Lightly touch the 
leaf with a pencil and try and get the tentacles to respond as if they 
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are trying to trap an insect. This experiment is usually more 
successful in the field, rather than on a disturbed plant. 

The eominonest bladderwort {UtHcularia vulgaris) is to be found 
in ditches and pools of brackish water. Obtain a specimen and make 
drawings of it. There are no roots to this plant. The leaves are 
very finely divided. The flowers jiroject above the water. Note 
especially" the shape of the bladder, and the presence of hairs at 
the orifice. Open several bladders and look for the remains of 
animal prey (chiefly Crustacea). 

The tropical examples of insectivorous plants are not so easily 
available, of course. Ho^vever, specimens of Nepenthes and 
Sarracenia are usually to be seen in the greenhouses of botanic 
gardens. When visiting such gardens take the opportunity of 
examining any specimens there and, if possible, make drawings, 
especially of the pitchers, noting and explaining their modified 
nature. 



CHAPTER XVI 

MAFUFACTURE OF OTHER PLANT MATERIALS 

Apabt from essential food materials, constituents of protoplasm, 
cMorophyll pigments, and other substances, the manufacture 
of which have already been considered, there are many other 
chemical substances manufactured by plants. Though they are 
not so essential, they are usually of great importance to those 
plants concerned. Some of them are useful to man in various 
economic ways, whereas others are not. None of them are 
common to all plants, but are peculiar either to one special plant 
or to a group of plants. Of course, it would be quite impossible to 
consider them all ; but to study a representative few of them 
would well repay the effort. 

Colour of Flowers 

Few people can fail to be deeply impressed by the remarkable 
display of colour that plants often show. Many are familiar to 
us in the delightful hues of flowers, which often present wonder- 
ful splashes of colour either in the wild state, or under cultiva- 
tion, or as forms of decoration in the home. In the petals of 
flowers, almost every conceivable shade of colour is represented. 

Before proceeding to consider any of these, it will be interesting 
to examine those flowers, such as the snowdrop, many lilies, 
narcissi, etc., which are not coloured. The whiteness of some 
flowers is so pure as to be almost dazzling. Yet, this is not due 
to any white chemical pigment present in the cells of the petals. 

All the cells of the petals of white flowers are colourless and 
transparent. Therefore, on casual consideration, petals instead 
of being white should be transparent and colourless like i sheet 
of glass. But the petal is not one continuous sheet of material. 
It is composed of hundreds of small, colourless cells. If a sheet 
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of glass be laid flat it naturally appears transparent. If, how- 
ever, the sheet be crushed into a fine powder, the resulting 
layer of powdered glass would no longer be transparent, neither 
would it be colourless. It would be white.. This is due to the 
irregular reflection or scattering of light ; and it is this light 
scattering by the hundreds of cells of the colourless petal that 
makes the petal actually appear white. 

The colours of petals, on the other hand, are caused by different 
coloured chemical pigments. Sometimes only one pigment is 
present and then, of course, the colour of the flower is that of 
the pigment present. More often, however, several difierently 
coloured pigments are present, and then the shade of colour pro- 
duced in the flower is the result of the mixing of the colours. 

The chemical nature of many flower pigments is fairly well 
understood to-day, though there is still a great deal to find out. 
Most of the pigments can be classified into two groups, the 
anthoxanthins and the anthocyanins. 

Anthoxanthins 

Anthoxanthins are all yellow pigments, and they are respon- 
sible for many yellow colours in flowers, and also certain vegeta- 
tive organs of plants. Wherever these yellow chemical substances 
are present, they difler from chlorophyll in that this latter pig- 
ment is present in the granules called chloroplasts, which are 
embedded in the c3d;oplasm. The anthoxanthins, on the other 
hand, are soluble substances and are dissolved in the cell-sap. 
Thus, in the yellow cells, the vacuoles are filled with a yellow 
solution. 

In the case of white flowers, sometimes certain yellow antho- 
xanthins are present in the cefl-sap of the cells, though in such 
small quantities that they give no visible colour to the petals. 
Their presence, however, can easily be detected for this reason : 
many anthoxanthins turn a deeper yellow or even green when 
exposed to ammonia vapour. Therefore, if certain white 
flowers be placed in ammonia vapour, they often turn a yellow 
or green colour. This chemical process is made use of in the 
production of artificial green flowers, such as green tulips and 
carnations. 
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Pure j^ellow flowers, such as daffodils and buttercups, owe their 
colour to the presence of yellow anthoxanthins and carotene 
(one of the yellow pigments present in chlorophyll) dissolved in 
the cell-sap. The colouring matter can be extracted by placing 
the dried petals in boiling alcohol, when the anthoxanthins and 
the carotene will dissolve in the alcohol. 

Anthocyanins 

Of much more common occurrence are the anthocyanin pig- 
ments. These occur in many chemical forms and colours. In 
their pure state, and in various combinations with each other, 
they are responsible for many of the beautiful shades of colour 
present in flowers, and other plant organs. 

Anthocyanins are responsible chiefly for the blue, red, purple 
and brown shades so familiar in Nature, There are many of 
them ; therefore it is impossible to consider all separately. A 
few are, however, worthy of mention. For example, pelargonin 
is the anthocyanin responsible for the bright red colour of the 
petals of Pelargonium and Geranium, delphinin for the beautiful 
blue of delphiniums and monkshoods, cyanin for the striking 
cornflower blue, cenin for the blue-black of grape skins, etc. 

Such colouring matters are soluble in glacial acetic acid. If, 
therefore, some grape skins or geranium petals be soaked in this, 
the anthocyanins are dissolved out. 

Many anthocyanins are capable of changing their colour. At 
one time it was considered that they change their colour accord- 
ing to the acidity or alkalinity of the cell-sap. A familiar indi- 
cator in the chemistry laboratory is litmus. When this is added 
to an acid it goes pink ; on the other hand, in an alkali it goes 
blue. Many anthocyanins were therefore considered to be 
indicators, thus giving striking changes in the colour of flowers, 
sometimes even the same flower. For example, a change in the 
colour of the anthocyanin is seen in the forget-me-not. This 
flower normally is a beautiful blue colour, owing to the presence 
of an anthocyanin. When forget-me-nots have been kept in 
water for some days they begin to die, and the natural blue 
colour turns to pink. This is seen in the same flower even in 
Nature. Normally it is blue, but very often it is pink. Blue 
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delphiniums, too, often turn pink when they are beginning to 
wither. What causes this change of colour is not clear, though it 
is known that it is not always due to the acidity or alkalinity of 
the sap. 

In spite of this, however, a change in the acidity often does 
cause a change in colour. This can be seen more clearly by taking 
some blue flowers such as delphiniums or forget-me-nots and 
immersing them in a very weak acid, such as vinegar. They will 
then turn pink. This also underlies the habit of some children, 
especially in Yorkshire. They take bluebells and place them in 
ant-hills, which turn them pink. Ants produce an acid called 
formic acid, which is responsible for the painful sting of these 
insects. The change of the blue colour to pink in the bluebells 
is therefore probably due to the formic acid changing the cell- 
sap of the petals from an alkaline to an acid state. 

The significance of the colouring matters of flowers has not been 
settled yet. Some botanists say they are used in respiration. 
One thing is practically certain. As will be seen later, many 
flowers depend upon insects, especially bees, w^asps and butter- 
flies, for the process of fruit and seed production. The bright 
colours of the flowers possibly serve in attracting the insects, for 
those flowers which depend mostly upon insects are usually 
the most highly coloured. 

The bright blues and reds in flowers are, as has already been 
seen, usually due to the presence of one special anthocyanin. 
But there are many other mixtures of shades, for example, 
brown wallflowers. The colouring matter here is a mixture of 
anthocyanins, carotene and anthoxanthins. Purple flowers are 
usually due to the presence of one anthocyanin only in neutral 
cell-sap, that is, cell-sap which is neither acid nor alkaline. The 
red colour of the beetroot is due to an anthocyanin. The copper 
colour of the leaves of the copper -beech is interesting. This is 
due to a combination of a red anthocyanin dissolved in the cell- 
sap of the leaf cells and the green colour of the chloroplasts. 

In the olden days, many anthocyanins were used as dyes, 
especially for cotton fabrics. Many, unfortunately, are not 
fast colours, and they have therefore been supplanted by the 
more satisfactory fast, synthetic dyes which nowadays are 
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produced chemically, for example, as by-products in the coal- 
gas industry. 

In the autumn coloration of leaves, the yellows are due to 
carotene and xanthophyll and the reds and purples to antho- 
cyanins. Chlorophyll is always being formed, and always being 
destroyed, in a normal green leaf. During autumn, destruction 
goes on faster than formation. Hence, chlorophyll disappears, 
but the carotene and xanthophyll remain and anthocyanins are 
manufactured, chiefly from any foods left in the leaf. 

Glycosides 

Very widely distributed amongst plants is another group of 
chemical substances called glycosides. The majority of these are 
colourless, but all of them are manufactured by the plant, from 
raw materials. Nearly all of them are formed by the chemical 
combination of glucose or another simple sugar with another 
compound, a non-sugar. 

When extracted and then dissolved in water, they all produce 
a very bitter solution. This may form a clue to the reason why 
plants manufacture them ; for they are apparently not abso- 
lutely essential to plants, and therefore many plants do not con- 
tain them. The reason why they are present in certain plants 
only is therefore a problem. The problem is made even more 
dij0S.cult when we realise that one plant contains one certain 
glycoside, whereas another plant contains a totally different 
one. 

For example, in the sap of many coniferous trees there is a 
glycoside called coniferin. On the other hand, in the seed of the 
bitter almond there is one called amygdalin. Both are very 
different in chemical nature. Now, these two different glycosides 
are similar in one respect and that is, they are both extremely 
bitter. That is why such almonds are not suitable for eating 
raw as the sweet almonds are. Most probably, the bitter taste 
of coniferin also explains why animals do not eat the foliage of 
firs. So, in this case, it may be said that the two glycosides have 
the same function, that is, a form of protection against animals. 
On the other hand, there are certain glycosides present in the 
bark of different trees, in ceU-sap and in leaves. Protective 
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functions in such cases are groundless, for many of them are 
tasteless. It has been suggested in such cases that they form a 
kind of food reserve for the plant, since they contain the carbo- 
hydrate glucose or another simple sugar. 

Cyanogenetic Glycosides 

Some glycosides, besides containing glucose and other 
chemical substances, also contain hydrocyanic or prussic acid, 
which is a deadly poison. In most cases, the amount of acid 
present is not enough to cause the death of an animal, but in 
some cases the amount of such glycosides (usually called cyano- 
genetic glycosides) is actually sufficient to cause death. For 
example, the leaves of the yew {Taxus haccatay aontoXn a cyano- 
genetic glycoside in sufficient quantity to poison an animal, and 
even to cause its death if it eats sufficient of the foliage. This very 
often happens, and that is why domestic farm animals should be 
kept away from yew trees and hedges, especially in winter, when 
edible green foliage is scarce. 

Certain plant glycosides are of use to man, but their use is not 
of any great importance. However, they are of interest. 

One is of great historical interest. This is the glycoside called 
indican, which is present in several plants ; and a closely related 
glycoside is that present in the woad plant. From this glycoside, 
the very important textile dye, indigo, used to be manufactured. 
At that time, of course, the woad plant used to form a very 
important crop. Nowadays, its cultivation for the production of 
the glycoside for indigo manufacture is almost a thing of the past, 
for the indigo dye is now manufactured almost exclusively by 
chemical means. However, even to-day, in certain parts of 
Lincolnshire the woad plant is cultivated for the manufacture of 
indigo. Actually woad is a wild plant, growing in fields, on banks 
and especially around chalk pits. It is interesting to note that 
this was one of the plants used by the Ancient Britons for stain- 
ing their bodies. 

Saponins form another group of glycosides. These are present 
in quite a large number of different plants. They are noted for 
their highly poisonous properties in that they have the effect 
of dissolving the blood corpuscles. One part of saponin in 
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100,000 parts of water forms a solution sufficiently strong to kill 
jSsh. In the Far East this property is made use of for catching 
fish. The saponin solution is placed in lakes and ponds, and the 
fish when killed rise to the surface and float. They are then 
collected by the fishermen. There is no danger in this practice, 
since such a low concentration of the glycoside has no evil effects 
on the person who eats the fish . The j uices from other plants have 
been used as fish poisons throughout the ages. For example, 
Pliny, the Roman author, who lived 1900 years ago, wrote of the 
Arabs using Cyclamen for the purpose. Even to-day, this plant, 
Styrax and mullein are used in the Near East. Saponins too, 
when mixed with other materials, are used for medicinal pur- 
poses, especially in cases of chronic bronchitis. 

Several saponins, especially the one present in the soap nut, a 
plant growing in the Far East, are often used as substitutes for 
soap. They are valuable in this respect since they have no 
harmful effect on dyes or the most delicate fibre. 

Solutions of saponins in water have the property of absorbing 
and retaining large quantities of dissolved gases such as carbon 
dioxide. For this reason, small quantities of them are often 
used in the manufacture of ginger beer and lemonade. The 
practice should not be encouraged, however, owing to the toxic 
properties of the saponins. 

Tannins 

Tannins form another group of chemical substances which are 
manufactured by plants and distributed very widely throughout 
the plant kingdom . They are not of very great botanical import- 
ance, but they are important from man’s point of view since the 
tannins are used in several industries. 

Tannins are aU of an acid nature. The most important tannin 
is called simply tannic acid. Although tannins are distributed in 
all types of plants and in all plant organs, such as stems, roots 
and leaves, they are most commonly found in two plant struc- 
tures. One is the bark of certain trees ; the other is what is 
called the plant gall. 

A gall is a certain form of disease, and is usually caused by a 
parasitic insect, worm or fungus. The parasite penetrates the 
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tissue of the plant and then the cells of the plant around the 
parasite begin to divide very actively, thus causing a large 
swelling of tissue forming the gall. Several galls are familiar 
to the majority of people living in the country. One, for 
example, often develops on the leaves of the willow, and assumes 



Fia. 209. ‘Oak-Apples,’ Galls caused by an Insect which 

ATTACKS THE OaK. 

I . - 

the form of large red swellings. The well-known ' oak-apples ’ 
are also plant galls caused by an insect (Fig, 209), The so-called 
‘ witches' brooms ' which take the form of closely-packed branches 
on birch, elm, and fir trees, among others, are also a form of gall, 
in some cases caused by an insect parasite, and in others by a 



W'li' : ■/ 

.‘ij 


^ y nif Ar* ''■■'** •’Hr-' !l 


338 EVERYDAY BOTANY 

fiingal parasite (Fig. 210). Not all galls contain tannins, but 
many do, especially tlie oak-apple gall. 

Tannins produced by galls are extracted and used in the manu- 
facture of various inks. Ordinary black ink is made from gall 
tannins. The tannin is extracted and mixed with certain iron 
salts to produce the necessary colour. 


Fra. 210. A typical ‘ Witches’ Broom,’ caused by a 
Fungal Parasite on a Branch or Fir. 

(Afier Kermr.) 


Certain other tannins were at one time used extensively in 
calico-printing and in dyeing fabrics ; but now the chemical 
manufacture of dyes has become such an extensive industry, 
involving more efficient methods and giving much more satis- 
factory results, the use of tannins in this respect is fast dying out. 
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Leather 

The greatest use of tannins, however, is in the manufacture of 
leather. The fundamental process in leather-making is the 
tanning of animal hides, which in many cases is done by means of 
plant tannins. The tanning of hides to make leather is one of the 
oldest industries. It probably was known to prehistoric man ; 
it certainly was to the ancient Chinese, Egyptians and Romans. 
On the other hand, certain other familiar leathers are tanned in a 
totally different way. For example, glace kid and box-calf are 
produced by treating the hides with chromic acid and sulphur, 
instead of plant tannins. 

Many plant tannins are used for medical purposes. Certain 
drugs and ointments are prepared from them. For example, one 
is used for stopping intestinal bleeding. It is also used in the 
treatment of ulcers. In some cases the use of tannic acid has 
proved so valuable in the treatment of severe scalds and burns 
that the lives of many people have been saved by it. The appli- 
cation of tannic acid in the case of severe injuries from scalds 
and burns is still being closely studied by medical men in dif- 
ferent parts of the world. 


CHAPTER XVII 

SPECIAL USES OF PLANTS TO MAN 

Apaet from their fundamental value as foods, plants have been 
used for many other purposes from time immemorial. 

The hundreds of thousands of different species of plants 
throughout the world vary considerably among themselves, both 
in structure and in composition. Certain special chemicals 
In plants have great value to man. This always has been the 
case so far back as history can trace, and nowadays, with 
scientific methods available, many such plants are specially 
cultivated on account of the product peculiar to them. Strange 
to relate, the majority of these economically important plants 
are native to tropical and subtropical lands only. 

They cannot all be considered, but a few will give some idea of 
their diversity of nature. 

Latex and Rubber 

In certain plants, apart from the water-conducting tissue 
called xylem, and the food-conducting tissue called phloem, there 
is another tissue somewhat like these. This is called the latici- 
ferous. tissue. It is composed of long tubular structures, which 
branch throughout nearly the whole of the plant. These tubes 
contain a colloidal substance called latex, which differs with the 
different plants in which such tissue is found. The use of the 
laticiferous tissue to the plant itself is not quite clear. 

The colloidal latex of some plants has proved useful to man 
in the past and, in some eases, certain types of latex are of great 
value to-day. One very familiar example of latex is of very little 
value to man ; but it is so common that it is worthy of mention. 
That is the latex of the common dandelion {Taraxacum officinale). 
Throughout the roots, stems and leaves of this plant there is a 
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laticiferoixs tissue which contains a white, milky latex (Fig. 211). 
Naturally, if the leaves are broken, and especially if the stalks 
are, the laticiferous tissue is ruptured and the latex flows out. 
This is easily seen at the end of a broken dandelion stalk. 
Dandelion latex is of no use to man, although, in the country, 
some people put it on warts. It is 
supposed to cure them ; though this 
isdoubtful. 

Another latex, familiar to country 
people, is that present in many pop- 
pies. This is a reddish-brown in 
colour, and is a very bad stain. 

When picking ordinary field pop- 
pies, this latex, from the broken 
ends of the stems, gets on the hands 
and stains them. The stain is not 
easily got rid off, and sometimes 
stays on the hands for days. A 
foreign species of poppy {Pajpaver 
soniniferum) produces a latex which 
contains the drug called opium. 

This is of value to man, and will 
be considered later. 

The most important latex from 
the economic point of view is that 
produced by the rubber plant. It is 
scarcely necessary to emphasise the 
importance of rubber to-day. It is 
the chief asset in the manufacture 
of tyres of all descriptions, some 
footwear and clothing, electricar apparatus, submarine cables, 
and it has even been tried as a form of street paving, but this is 
stillin the experimental stage. Rubber is now being exploited as 
a textile. Girdles and elastic collars and cuffs are being manufac- 
tured from it. It is also being used in the manufacture of 
unbreakable dishes and other household utensils. 

Rubber is produced from the latex of several different piants, 
all of which grow in wet, tropical forests. The actual use of the 



, Fig. '211. Tangential Sec- 
tion THROUGH THE CORTEX 
OF THE Boot OF the Dande- 
lion, SHOWING Laticiferous 
Tissue. 
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latex to the plants themselves is probably as a protective agent 
against parasitic insects. The naturalist Thomas Belt, who 
pnbiished an account of the natural history of Nicaragua in 
1874, stated that in those plants which had been drained dry of 
their latex by the native Indians of that part of America he 
found thousands of beetles, whereas in the untouched trees there 
were none. 

The history of the rubber latex dates back a long way. During 


Natives COLLECTING Latex fhom: the Ritbbeb 
Trees in Malaya. 
courtesy of Messrs. David Bridge and Go., Ltd.) 


his second visit to America in 1493, Christopher Columbus saw 
the native Indians, in the Amazon valley, playing with a ball 
made of rubber. He was struck chiefly by the manner in which 
the ball rebounded . Y et in spite of this remarkable observation, 
more than three centuries elapsed before rubber became of any 
commercial value in the Old World. Then it was used only for 
erasing marks off paper ; hence the name india-rubber. 

Several plants form sources of rubber, but the chief one is a 
tree called Emm brasiliensis^ which supplies the weU-known Para 
rubber. Another which supplies a considerable amount of the 
world s raw rubber is Dyera costulata, which is native to Malaya. 
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One which is grown in British gardens as an ornamental shrub is 
Ficus elasiica, commonly called the india-rubber tree. Nowa- 
days, the various rubber trees are cultivated in plantations. The 
chief sources of supply are the East Indies, Central and South 
Africa, Burma, Malaya, Assam, Mexico and Central America and 
Brazil (Fig. 212). 



Pig. 213. TAmKo a Rubbeb PLANr. 

(From the Collection^ Royal Botanic GardeniSt KeWt by permuBion of th^ 
Director.) 

The trees are tapped for latex when they are about five years 
old. Tapping is done by taking of! a shaving of the bark of the 
tree (Fig. 213) . This cuts the latex tubes, and the latex then flows 
out. Tapping is performed early in the morning, when the flow 
of the latex takes place at its greatest rate. Collecting cups are 
placed beneath the wound and left there to collect the latex. 
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After a few years the wound is healed by the development of a 
fresh covering of bark, and the tree is ready to be tapped again, 
in tlie same place if necessary. 

The latex is then removed to the factories, where it is purified 
and the rubber manufactured from it. 

It is interesting to note what a difference the development of. 
automobite transport has made on the production of rubber 
throughout the world. Between the years 1900 and 1911, the 
annual increase in the world’s rubber production was at the 
average rate of 3000 tons a year. Then there was a great deal of 
activity in the production of tyres to satisfy the demand of the 
motor-car industry, with the result that the average increase in 
rubber production rose to 34,000 tons a year. In 1927 the 
world's production of rubber was 623,000 tons. 

The Government of the U.S.S.R. is encouraging research 
work on a plant named Chondrilla, closely related to the dande- 
lion. The plant contains a latex which can be converted into a 
rubber. Experiments have been made to test the practical side 
of this method of obtaining rubber, and thus avoid the necessity 
of importing large quantities of rubber from tropical countries. 

Tobacco 

Tobacco, in the form of the rolled leaf, is smoked in cigars, 
and, cut up into shreds, it forms the most important material 
for pipes and cigarettes. One only has to see the large number of 
men and women who smoke tobacco to-day, in all parts of the 
world, to realise what a tremendous number of plants must be 
grovm in order to meet such a demand. Some people, and 
especially natives of Africa and also the American Indians, chew 
tobacco, and some even eat it. In the eighteenth and nineteenth 
centuries it was popular in powder form, when it was inhaled at 
the nostrils. In this form it was called snuff. This form of 
tobacco is not now in great demand. 

Columbus noticed the Indians in America using tobacco, when 
he visited them on both his voyages to that continent, in the 
latter part of the fifteenth century . Tobacco was only one of the 
plants smoked by American Indians, however ; powdered willow 
bark was another. 
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The tobacco plant is a native of Central America. It was 
brought to Europe in 1558 by a Spaniard named Francisco 
Fernandes, and was later popularised in England by Sir Walter 
Raloigbj who is said to have smoked a pipe of tobacco on his way 
to the scaffold. 

The main supply of the world’s tobacco is obtained from the 
leaves of the tobacco plant, Nicotiana Tabacum (Fig. 214). This 
is an annual plant which attains a height of about five feet. It 


Fig. 214. A Field of Tobacco being cultivated under 
Cheese Cloth in South Africa. 


in a large inflorescence of pink flowers. The leaves 
are long and shaped like the head of a lance. Sometimes they 
reach a length of two feet. It is the leaves, of course, which 
supply the tobacco as we know it. 

The chief source of the tobacco plant is the United States, 
chiefly in the State of Virginia. But the plant is actually culti- 
vated for the purpose in a large number of other places ; for 
example, Brazil, China, Japan, Dutch East Indies, Canada, Cuba, 
Africa, Turkey, Egypt, U.S.S.R., Germany, and even in certahr 
parts of Great Britain. Even in the days of Cromwell the plant 
was cultivated in England. To-day its cultivation is restricted 
to certain parts of Hampshire, because the English climate 
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is not favourable to the growth of the plant, although it is often 
grown for decorative purposes in herbaceous borders. Naturally, 
since the greatest plantations are in America, the bulk of the 
tobacco smoked is American. This is commonly called Virginian 
tobacco, and is present in the majority of the more familiar 
cigarettes and cigars. Egyptian cigarettes and also Turkish are 
stronger in flavour, and are usually treated with a perfume, 
Russian cigarettes are stronger still. 

x4s the leaves of Nicotiana begin to ripen, they turn a brighter, 
green and sometimes become covered with yellow spots. They 
are then stripped off the plants, and hung on long sticks in sheds 
to dry. Then they have to be ' cured.’ In favourable districts, 
such as Virginia, they are cured by merely exposing to the sun. 
Often, however, curing sheds are necessary and, if the weather is 
at all damp, fires must be used. Then the leaves are piled into 
heaps, where they are allowed to ferment. This fermentation 
process is helped by enzyme action. The enzyme is usually sup- 
plied by certain bacteria already present in the tobacco leaf. 
After fermentation the leaves are tied up into bales and graded. 
Then the}’ are stored, when the tobacco matures. 

The amount of tobacco smoked in various forms can be 
imagined from the fact that the world’s aimual production of 
tobacco is more than 4,000,000,000 lb. 

Perfumes 

The perfumes of certain flowers have been used for the pro- 
duction of certain scents through every historic age. A large 
number of flowers give off delicate perfumes ; but only a com- 
parative few have achieved universal popularity, such as the 
rose [Rosa), violet {Viola odorata), lily of the YSilley {Gonvallaria 
7n a jails), lilac (Syringa vulgaris), etc. 

The perfume of flowers is due to an oil present in the petals 
in very small quantities. Sometimes this oil is present in the 
free state, for example, rose and lavender {Lavandula vera), 
whereas in other eases it is present united chemically with 
glucose, thus forming a glycoside, as in the case of jasmine 
(Jasminmn). The most familiar perfumes of commerce prepared 
from such oils of flowers are: carnation (Dianthus), clove 


SPECIAL USES OF PLANTS TO MAN 


347 


I 

{Eugenia) (Fig. 215), hyacinth {Scilla), heliotrope {Heliotrojymm), 
mimosa (If jasmine, orange blossom, rose, violet, and 

I ylang-ylang (Cananga), In other cases the perfume is present in 
j the flowers and the leaves, such as lavender, rosemary and 

i violet. Other well-known perfumes and flavourings are 

^ present in vegetative organs only, for example: leaves and 
stems, geranium and cinnamon ; bark, cinnamon ; w’ood, cedar 
and sandal ; root, angelica ; rhizome, ginger ; fruit, lemon, 
orange ; etc. 

I In early times the perfume was extracted by dissolving it out 

with olive oil or almond oil. To-day it is extracted by a method 
of distillation which takes the form either of boiling the plant 
material with water or forcing steam through it. In many cases, 
however, this method is useless because the high temperatures 
5 involved chemically decompose the oils of the perfumes. Then 

another method is used. This involves the use of some form 
^ of animal fat. The fat is spread on sheets of glass. Then the 

i petals of the flowers are stuck on the fat, and the glass sheets 

i piled on top of each other, and allowed to remain for a few days, 

; during which time the perfume dissolves into the fats. Then 

fresh petals are placed on the fat and the process repeated. The 
resulting perfumed fat then forms a pomade. 

Another method makes use of the fact that ether dissolves 
t plant oils. The plant material is placed in sealed vessels, and the 

* ether allowed to pass slowly through it. As it does so, it dissolves 

j out the perfume, together with other plant oils and any plant 

I waxes present. The ether solvent is then driven off and the 

i residue purified. The resulting oil is then in a very concentrated 

form. From it the perfumes of commerce are made up. The 
most expensive perfumes are made in this way ; for example, 
I in the case of jasmine, the jasmine oil produced wiU fetch any- 
I thing from £3 to £6 an ounce. 

i Plant perfumes are manufactured on a large scale chiefly on 

I the Continent and in the Near and Far East. Grasse, a tovui in 
1 France, is widely known for its perfumes, especially those manu- 
i factured from oranges and roses. Attar of roses is prepared in 
India, Persia, France and the Balkan States. The oil produced 
is very valuable, costing sometimes so much as £60 per pound. 
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The tremendous quantities of roses grown can be imagined when 
one realises that 4000 lb. of rose flowers are required to- produce 
1 Ib. of the attar. 

Spices 

Certain spices and condiments, especially useful in cooking and 
in medicines, also cosmetics used for cleansing, purifying and 
beautifying the skin, are of interest, since the majority of them 
are the products of special plants. 

A historically interesting plant perfume, used in ancient days as 
a cosmetic, is spikenard. This was obtained from the rhizome of 
the spikenard plant {Nardostachys Jatamansi), a native of India, 
As a cosmetic, spikenard is of scarcely any value now. But in the 
olden days it was very valuable, costing the equivalent of £10 
per pound. It was used by the ancient Romans and Egyptians, 
and even in ancient Palestine, for it is mentioned in the New 
Testament (Mark xiv. 3-5). In those days, this valuable plant 
product was taken by camel caravans from India to Rome, 
Egypt, Palestine, etc. 

Two products, which at one time were of great importance, 
are produced from the natural gums present in certain plants. 
These are frankincense and myrrh. Both these plant products 
were of great importance to the people of ancient Egypt, and to 
all the countries around, many hundreds of years before the 
birth of Christ. Their value, however, was maintained right up 
to this era j since we read in the New Testament that the wise 
men who visited the child Jesus brought with them gifts of gold, 
frankincense and myrrh. 

Frankincense is obtained from the gums present in certain 
species of the trees called Boswellia, These plants are native to 
India and Africa. Even in early times, frankincense was a valuable 
spice, and there was a great trade in it amongst the countries of 
the Near East and India. Its value lies in the fact that it burns, 
giving off a smoke which is pungent, yet of a fascinating odour. 
It was used for this purpose in the substance called incense. 
Incense was burned during the religious rites of the Egyptians, 
and also by Jews and Christians. To-day it is still used to a 
great extent during the rites of certain religious sects, such as 
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those of the Jews, Homan Catholics, many Anglican Churches, 
the Greek Orthodox Church, and so forth. 

Myrrh, another spice of great value during those early days, 
is a product of the natural gum of several species of Commiphora. 
The plant is native to eastern Africa and Arabia. It was used 
during ancient times, and still is, as another constituent of 
incense ; but it had a still greater value in that it was one of 
the chief spices used in embalming 
mummies, especially during the 
time of the ancient Egyptians. 

Two spices used to-day in cook- 
ing and medicine are the clove and 
cinnamo-n. 

Cinnamon is obtained -from the 
bark of the plant Cinnamomum 
zeylanicum, a native of Ceylon. 

The plant, however, is now culti- 
vated in other countries, such as 
Java, Egypt, and Brazil. The 
sweet taste and pleasant aroma 
are due to an oil present in the 
bark. This spice was prized in 
the days of ancient civilisations. 

To-day it is used as a condiment 
and flavouring material in cook- 
ing and also for flavouring certain types of chocolate and 
liqueurs. 

Cloves are the dried, unopened flower buds of the plant 
Evgmia caryophyllata (Fig. 215), a native of the Moluccas, or 
Spice Islands. This spice was a valuable article of trade in the 
Oriental countries of the past. To-day it is cultivated in many 
pairts of the world, including India, South America, and Africa. 
The cloves in the dried condition are used as a flavouring 
material in cooking, and in the making of confectioneiy and 
liqueurs. This spice also contains a valuable oil. Oil of cloves, as 
it is called, is used as a medicine, and dentists often use it as a 
local ansesthetic instead of cocaine. It is also useful in the 
laboratory in the preparation of microscope slides, etc. 



Fig. 215. Eugenia caryophyl- 
lata, SHOWING A Flowering 
Branch and (extreme left) a 
Bud, the Clove, cut in half, 
and (middle) an Open Flower. 
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Condiments 

Two important condiments which are the products of certain 
plants are pepper and mustard. 

There are several pungent condiments classed as peppers • 
but the three most commonly used are black, white and Cayenne 


Pepper Plant. 


pepper. Black pepper is the powdered dried fruit or pepper- 
corn of a climbing shrub, Piper nigrum (Figs. 216 and 217 ), 
native to Malabar. Now it has been introduced for cultivation 
into other countries, the chief of which are Malaya, Java, 
Sumatra, Borneo and the West Indies. The plant climbs on 
trees in a manner similar to that of the ivy. Black pepper owes 
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its pungency to the resin which it contains ; and its flavour to 
an oil. It also contains an alkaloid called pipeline. Black 
pepper is used solely as a condiment. It is one of the oldest 
condiments known to naankind. 

White pepper is prepared from the same source, but the dark 
skins of the fruit are removed first. It has a better flavour, and is 
less pungent than black pepper. Cayenne pepper is red in 
colour and very pungent. This 
is prepared chiefly from the 
dried fruits of the plant Capsi- 
cum annuum^ but other related 
plants are sometimes also used. 

These plants are herbaceous in 
some cases and shrubby in 
others. They are all native to 
Central and South America. 

The cultivation of the cayenne 
pepper plants is not so wide- 
spread as that of those plants 
producing white and black pep- 
per, because there is not such a 
great demand for the product. 

However, the cayenne pepper 
plant has been introduced into 
the East Indies for cultivation. The dried fruit of Capsicum 
annmm is red in colour, and is often used whole instead of 
being powdered. This dried fruit is called the chilli, and is used 
in maMng chilli-vinegar and also in flavouring pickles. 

Mustard seeds are produced by several species of plant named 
Brassica. There are several forms of mustard, but the two 
important ones are black mustard (jBro^sica mpm) (Fig. 218) and 
white mustard alba). Both plants are cultivated in 

England, the white mustard plant often being used, in the very 
young stages, in green salads and sandwiches. Black mustard, 
on the other hand, is never used for salads. It is cultivated 
only for its seeds, from which the condiment is prepared. 
Both these plants grow wild in Great Britain, on the Continent, 
in Canada and in the United States. 



Fig. 217. Leaves and Fruit 
OF Pepper Plant, 
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The pungency of mustard is due to an oil It is interesting to 
note that the oil is not present in sufficient quantity in the seed 

or the dried powder to give 
this pungency. Only when 
the mustard is prepared for 
the table, by adding water to 
it, does the oil appear, for this 
reason: the mustard seed com 
tains a glucoside called sini* 
grin. It also contains an 
enzyme called myrosin. This 
enzyme can act on the sinigrin, 
and cause it to split up chemi- 
cally into the oil to which the 
mustard flavour and odour are 
due, together with glucose and 
a potassium salt. But the 
action of the enzyme can 
only take place in presence of 
water. At a very high tem- 
perature, for example, that of 
boiling water, the enzyme 
action is killed. For that 
reason it is undesirable to 
prepare mustard for the table 
with very hot water. 

Mustard is also used for 
medical purposes. The use of 
mustard plants, both for the 
production of the condiment 
and for medical purposes, has 
been known from the early times. It is on record, for example, 
that the ancient Greeks used it. 



Fig. 218. Black Mustard. 


Tea ,,, 

The three most popular hot drinks in Great Britain are tea, 
coffee and cocoa ; and they are all plant products. 

Tea is the dried leaves of the tea plant (Fig. 219), a shrub now 
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Giiltivated for the purpose in several parts of the world. The 
early history of tea as a beverage is not known for certain. Most 
probably it originated in China, where tradition has it that it 
was discovered by the Emperor Shen-nung in 2737 b.o. From 
China, knowledge of the stimulating properties of this drink 
passed westwards to India in the sixth century and eastwards to 



Fig. 219. A Flow’-erixo Shoot of the Tea Peant, 

AND A Seed and Fruit. 

Japan, where cultivation of the shrub was begun in the ninth 
century. It was not until the middle of the seventeenth century 
that tlie English began to use tea, and then it was such a luxury 
that it cost about £8 per pound. Since then, of course, it has 
become an everyday beverage, with the result that the large 
demand for it, not only in Great Britain but also throughout the 
world, especially the Eastern countries, has made tea cultivation 
an industry of gigantic proportions. 


B.E.B. 
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In 1834 it was proved conclusively that the tea plant is also a 
native of Upper Assam. To-day tea is cultivated ail over India, 
in Ceylon, Japan, certain parts of Africa, Java and Sumatra. 

The tea shrub is an evergreen, growing normally to a height 
of 3 to 5 feet. The stem is heavily branched, and the branches 
bear small elliptical leaves. The plant is closely related to the 
camellia plant. Its botanical name actually is Camellia Thea. 

For good results the plant is usually cultivated on hilly slopes 
facing the sun. This is because it requires plenty of light, a warm, 
subtropical climate, and a damp atmosphere with plenty of 
rain, though a well-drained soil. 

An important process during cultivation is pruning. This 
involves cutting of! the branches when the shrub is about two 
years old. The result is similar to that in the case of pollarding 
and coppicing in that the dormant buds shoot out, thus producing 
a plant with a large number of short branches, each thick with 
leaves. Once pruning is commenced, it is usually carried out 
annually. 

When the plant is well estabhshed, plucking the leaves takes 
place about once every 10 to 14 days, and there are about 
25 pluckings each year. 

The preparation of the dried tea as we know it involves several 
important processes. The plucking is usually done by native 
men and women (Fig. 220). The leaves are then taken to the 
withering shed, a shaded room, where the leaves are spread out on 
trays or on the floor to wither. They are considered to be suf- 
ficiently withered when they are soft and limp. Then the withered 
leaves are rolled. This involves placing them between two metal 
surfaces and rubbing them. This process takes between 30 to 60 
minutes. After that time, the rolled leaves are sifted, and the 
older ones rolled again if necessary. The next stage in the pro- 
cess is an important one, for it gives flavour and colour to the 
final product. This is the process of fermentation. The rolled 
leaves are spread out in layers of about two inches in thickness, in 
sheds where there is easy access of air. Fermentation is helped 
by the enzymes which naturally occur in the leaf. During fer- 
mentation, the leaves turn a bronze colour. This is due to the 
tannins present in the leaf. The tannins in the living leaf are 
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colourless, but during fermentation they become oxidised by the 
oxygen in the atmosphere, and in doing so assume a bronze 
colour. When it is necessary to stop fermentation the leaves are 
quickly dried. This is done by placing them on moving tables in 
a room through which a current of hot air is being forced. 
Drying takes about half an hour. 


Fig. 220 , Natives gathering Tea. 


Throughout the world about 900,000,000 pounds of tea are 
consumed annually. This gives some idea of the gigantic size of 
the industry. Scientific workers prove invaluable to the main- 
tenance of the industry, since the tea plant has its share of 
insect and plant parasites. 


Coffee 

Coffee is the product of the coffee plant (Coj^fea arabica), a 
native of Abyssinia, which, however, is now extensively culti- 
vated in several parts of the world, especially Brazil, southern 
Arabia, the West Indies, East Indies, India, Sierra Leone and 
the Congo (Fig. 221). Other species are used, but they are of 
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inferior quality. Coffee production in Kenya Colony is a fast- 
developing industry to-day. 

The plant is an evergreen shrub attaining a height of about 
20 feet. The fruit of the coffee plant is a fleshy berry, something 
like a small cherry in appearance. Inside each berry are two 
seeds, and these seeds are the raw material from w^hich the 
coffee is obtained (Fig. 222). They are commonly called coffee 
beans, though really they are not a bit related, botanically, to the 
beans with which we are more familiar. When ripe, the seeds are 
hard and greenish in colour. 



Fig, 221 . Haevesting Coffee. 

{By courtesy of Mr, J. P. Ugarte, Messrs. E. M. Bentall & Co.^ Ltd.) 


The history of coffee as a drink dates back to obscurity. We 
know^ very little of its early history, but it is known that it was a 
popular drink in Abysinnia in the fifteenth century. Coffee be- 
came popular in Europe during the seventeenth century, when 
coffee-houses sprang up almost as thick as the tea-shops and 
restaurants of to-day. The earliest known coffee-house in 
England was opened in St. Mchael’s Alley, Cornhill, London, in 
1652. 

The coffee ,plant is cultivated from the seed, and begins to 
bear its own seeds suitable for coffee production after the fifth 
year. When ripe, the fruits containing the seeds are either 
allowed to drop of their own accord or are gathered by hand. 
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After the vseeds have been extracted from the fruit, they are 
usiially shipped abroad as coffee beans. Then they are either 
roasted in factories or even in the grocer’s shop. After roasting, 
the beans are ground to the familiar coffee powder. The 
stinnilating action of coffee is due to an alkaloid present in the 
seed called caffeine. This alkaloid is also present in tea, but not 
to such a great extent. The aroma 
of coffee is due to an oil present 
in the seeds called caffeone. 

Coffee plants have their diseases 
which demand the attention of 
scientific workers in connexion 
with the industry. The most im- 
portant one is caused by a fungal 
parasite, Hemileia vastairix, which 
attacks the leaves of the plant, 
causing the disease known as 
coffee-leaf disease. This disease 
broke out in epidemic form in 
Ceylon tow^ards the end of the 
nineteenth century, as mentioned 
in Chap. XIV. That epidemic will 
always be remembered in the in- 
dustry, shice it was a real tragedy, 
absolutely ruining the crops of Ceylon and involving the industry 
in a loss of more than £15,000,000. Since that time, the disease 
has spread to other coffee-growing countries, but scientific 
workers have it under better control now^ 

Cocoa 

Cocoa is made from the seed of the cacao tree (Theobronia 
cacao), a plant native to tropicah America. For its great com- 
mercial value, however, the plant is now cultivated in many 
other tropical regions. 

The seeds of cacao are borne in a long pod, shaped like a 
ridged, elongated, lemon. These pods are produced directly on 
the main trunk and branches in an unusual fashion (Fig. 223). 
For cultivation, the seeds are sown in nurseries, then later on 



FiCr. 222. Cojfea arabica. 

A flowering shoot, a fruiting 
shoot, a single flower, a single 
seed, and tvro seeds witli part 
of the fruit wall removed. 
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the seedlings are transplanted into the cacao plantations. After 
about five years, the young trees begin to bear fruit. Harvesting 
goes on all the year round, but there is usually one period of the 
year when the harvest is at its best (Fig. 224). This period varies 
with the country in which the cacao is cultivated ; for example, 
the heavy season in Ecuador is April to June, whereas in Brazil 
it is September and October. 


Fig. 223. Cacao Pods growing on the Tree. 
{By courtesy oj Messrs. Cadbury Bros., Ltd.) 


After harvesting, the beans are extracted from the pods and 
placed in boxes to undergo fermentation. This takes 2 to 9 days 
according to the variety of the cacao and the country in which it 
has been grown (Fig. 225). After fermentation, the beans are 
dried. This is usually done in the sun by spreading them on brick 
or wooden floors, or on coco-nut or bamboo mats. Then very often 
the beans are polished, but there is no real reason for this except 
that they look more attractive to the buyer. The beans are 
finally roasted and powdered to produce the cocoa as we know it. 

The chief cacao- cultivating regions are in Africa and America. 
The Gold Coast produces by far the most, but other important 
areas are Nigeria, Brazil, Trinidad, Ecuador and Venezuela. 
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Cocoa has a high nutritive value, and it is mildly stimulatiiig, 
since it contains a certain amount of the alkaloid cafieine, though 
not so much as coffee does. 


Fig. 224 . Harvesting Cacao Fobs. 

{From the Collection, Royal Botanic Gardens, Kew, by permission of the Director.) 


Medicinal Plants 

Even in early days, primitive man was much interested in 
plant life, as indeed the natives of tropical Africa and America 
are to-day. Though such people never actually cultivated plants, 
they must have known a great deal about them, using many for 
food, and discovering which ones were poisonous, and even those 
plants which had medicinal propertieSo 
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Gradually, as they learned more about curative herbs, certain 
members of primitive tribes began to specialise in the prepara- 
tion of decoctions. These men were called medicine men or 
witch doctors, and their knowledge commanded so much respect 
from other members of the tribe that they were feared. Many 
of the ‘ curative treatments ’ to which they subjected their 


Fig. 225 , Cacao Fermentation Boxes at Java. 
{Photo. Eisgen,} 


patients were futile, yet these ^doctors’ were familiar with a 
large number of plants which contained genuine curative 
substances. 

Profound belief in these medicine men is a long time dving 
out ; in fact, such witchcraft still holds sway over many tribes 
in Africa. Something similar was present amongst the ancient 
tribes of the temperate countries. In this case, the study of 
herbs and their curative effects was chiefly left to the women. 
To read Shakespeare’s Jfac6e^^ is sufficient to give an idea of 



jW ‘ <!<! 
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Fig. 226. A Medieval Herb Garden. 
(From Petrus Crescentius' “ Opus Ruralium CommodarumP) 


As the study of medicine developed, the supposed curative 
effects of plants were gradually brought into question, and the 
genuine cases sifted from the mythical. Then, the earlier 
botanists studied plants from scarcely anything but their 
medicinal point of view, and herb gardens were cultivated 
(Fig. 226). Now, to-day, medical men make use of many drugs 
and other medicines produced from plants. 


the decoctions that these old women used to make up. There 
I we read of such medicines as '' scale of dragon,” “tooth of 

i wolf,” gall of goat,” “ slips of yew,” “ root of hemlock digged 

; r the dark,” and so forth. 
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Drugs 



Maiw ttiedicinal plants grow in Great Britain, but it is im- 
possible to mention even a small fraction of them now. It is 
therefore proposed to consider just a few such plants, all of 
which are of foreign origin. 

There is a group of chemical substances which are very com- 
plicated from the pomt of view of the elements they contain, 

but, since they act like 
alkalis (though really not 
alkalis), they are called alka- 
loids. All these alkaloids are 
potent drugs, some of wdiich 
are useful from the medical 
point of view. V ery few of 
them can be made artificially 
in the laboratory, but they 
all exist naturally in certain 
special plants. Alkaloids 
are not widely distributed 
through the plant kingdom. 

A very important alkaloid 
is quinine. This is a very 
famihar drug. It is used for 
preventing colds, for kil ling 
the malarial parasite in the 
blood of a patient suffering 
with that disease (in this 
respect, quinine proved a great boon during the Crimean War, 
and in all wars since), and for killing many of the bacteria which 
are responsible for diseases in man. Our knowledge of the 
medical uses of quinine is due chiefly to the great work of 
Prof. Binz, of Bonn, in Germany. 

Quinine is an alkaloid present in the bark of the tree called the 
Cinchona (Fig. 227). The earliest record of the medical use of the 
cinchona bark dates back to 1638, when it was used effectively 
for curing the Countess of Chinchon, the wife of the Governor of 
Peru, of a fever. From this the plant got its familiar name. At 


Fig. 227. Cinchona succirubra. 
{After Schumann and Arthur Meyer.) 
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that time cinchona trees grew only in South America ; but 
gradually the fame of its bark was spread throughout Europe, 
chiefly by the monks of the time, who were also the doctors. 
Then, in 1854, the Dutch Government obtained some trees from 
South America and transplanted them to Java. Similarly, in 
1859, the British Government transplanted some to India and 
Ceylon. To-day, cinchona plantations exist in all those countries. 


Fia. 228 . Cinchona Plantation, four years old, at Sikkim. 
{From, the CoUection, Royal Botanic Gardens^ Kew, by permission of the Director.) 


solely for the production of quinine (Fig. 228). The world’s 
chief supply, however, comes from Java. Quinine, like all other 
alkaloids, is a drug, and therefore if taken in excessive quantities 
has a bad effect. Some alkaloids are deadly poisons when taken 
in excessive amounts. 

Another alkaloid, very valuable to the doctor as a drug, is 
strychnine. This was first discovered in 1818 in St. Ignatius’s 
beans and other related plants, all named under the heading 
Strychnos (Fig. 229). Strychnine is obtained from the wood and 
the bark of the various species of Strychnos. Though this is a 
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very important drug from the medical point of view, it should 
never be used except under the directions of a qualified doctor, 
for actually strychnine is a strong and deadly poison. Taken in 
strong doses, this plant alkaloid can cause the death of a person 
in half an hour. It is used in certain vermin-killers owing to its 
strong toxic action. Savages even knew of the poisonous nature 
of this plant, and they used it for smearing the heads of their 
poisonous arrows. Large animals, when pierced by an arrow 
bearing strychnine, almost immedi- 
ately stagger and are dead after 
having taken only a few steps. 

Cocaine is another alkaloid of great 
use both to the doctor and the dentist . 
This alkaloid exists in the leaves of 
the coca plant {Erythroxylon Coca) 
(Fig. 230). The plant is native to 
Bolivia and Peru ; but to-day it is 
cultivated for the sake of the drug, in 
Java . Cocaine is a potent drug . It is 
Fia. l>29. Stryclmos 7iux used by medical and dentab surgeons 
romica, showuis-g also thb because, W' hen in] ected into the tissues 

luiuiT AND Seed, whole 1 -x x i i 

AND IN CROS.S SECTION. 01 tlic oody, it acts as a local anses- 

thetic, thus deadening the tissues to 
pain. Therefore,, it may be injected for slight operations, 
such as some skin operations, or in the gums for drawing a 
tooth. It deadens the tissues just around the seat of pain, 
without completely anaesthetismg the patient, as chloroform 
'and' ether ^ do. ' , 

If taken internally, cocaine deadens any sensation of hunger in 
the stomach, with the result that the person can go a long time 
without feeling the need of food. Moderate doses of the drug 
produce a sensation of calmness and happiness, and that is why 
some people, when they can get it, take it. But modern legisla- 
tion makes it difficult for any unauthorised person to obtain 
cocaine. To sell it, or supply it at all without a special permit, 
is a criminal offence, for the drug demoralises such people and 
sooner or later a small dose does not have the required effect. 
Then larger doses are taken, with the result that they affect the 




Fig. 230. Erythroxyhn Coca. 

poppy. The only wild opium poppy grows along the northern 
shores of the Mediterranean Sea ; but it is cultivated in many 
parts of the world, such as France, Germany, Turkey, Persia, 
China and the United States. 

From the medical point of view, opium is very valuable owing 
to some of the alkaloids it contains. Gn the other hand, this 
drug is a great menace because it has the same effects as cocaine 
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when taken without the supervision of a doctor. Opium- 
smoking is a well-known habit of the Chinese. 

The chief alkaloid of medicinal value present in opium is 
morphine. This drug has a great pain-relieving power and also 
induGes deep sleep. There is not another plant drug known 
ivhich has such a great power of relieving pain as morphine. For 
this reason it is the most common drug in use in hospitals. It is 
injected, usually by means of a hypodermic syringe, beneath the 
skin, usually of the arms when possible, of patients who are 
suffering from excessive pain or who cannot sleep. 

The leaves of Nicotiana (the tobacco plant) contain an 
alkaloid called nicotine. This is therefore present in tobacco 
itself. Like the other alkaloids considered, in large doses it is a 
deadly poison, and that explains why excessive smoking in 
adults, or smoking at all in young people, should be deplored. 
Nicotine is still used in medicine, though not to any great extent. 
Its greatest value lies in its use to horticulturalists. Spraying 
mixtures called fungicides have already been mentioned. These 
are used for killing fungal parasites on horticultural crops. 
Other spraying mixtures, called insecticides, are used for spray- 
ing crops attacked by insect parasites. The chief constituent of 
many insecticides is nicotine. 

Vitamins 

Right up to the eighteenth century, one of the inost dreaded 
diseases amongst sailors was a disease called scurvy. This 
disease almost always ended in death. It was so common that 
no mercantile or naval ship could go to sea for weeks at a time 
without, on its return, reporting the death through scurvy 
of a number of its crew. The same disease was prevalent in 
prisons and workhouses. The conditions under which sailors, 
prisoners and paupers lived were similar in at least one respect. 
That was the absence of fresh food. Naturally, in those days, 
since they had not the advantages of modern science, it was 
impossible for ships to take fresh fruit and vegetables on their 
long jonrneys. 

So long ago as 1593, the great sailor, Sir Richard Hawkins, re- 
cognised that scurvy could be curtailed in its ravages if fresh 
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fruit and vegetables were only available ; but, realising how 
impossible this w^as on long journeys, he noted that to take an 
essence of fresh fruit in the form of orange and lemon Juice had a 
wonderfully beneficial effect. Nevertheless, it was not until twv) 
hundred years after that the idea was followed up. The annual 
deaths in the navy due to scurvy were appalling. In fact, the 
disease was almost as common as the common cold is to-day. 
However, owing to the great physician, Dr, James Lind, who did 
so much brilliant work in connexion with hygiene in the British 
navy, an Admiralty order was given, in 1795, that all ships should 
be supplied with lemon J uice . From that day, scurvy disappeared 
from the navy. 

In India, Malaj^a, China and Japan, a disease which ravages the 
native population is one called beriberi. Now the natives of 
those countries live, as is well known, almost completely on rice. 
After much research work on the part of many men of science, it 
W’as discovered that the disease was more common to those 
people who ate polished rice, that is, rice from w'hich the outer 
coating of the grain had been removed. It was then discovered 
that just as in the case of oranges and lemons, wdiich must con- 
tain something which prevents scurvy, so do the fruit coats 
(pericarp) of the rice grain contain a substance winch prevents 
beriberi. 

Both these diseases, in other wnrds, are due to a certain de- 
ficiency in diet. They are therefore called deficiency diseases. 
There is quite a number of these diseases. 

It is interesting to note a more modern example of the effect 
of scientific discoveiy on man’s life and activities. In 1931 a 
scientific expedition of young British men, under the leadership 
of the late Mr. H. G. Watkins, set out for the arctic regions, to 
try to discover an arctic air route over Greenland, They 
realised that they would suffer much privation* and a severe lack 
of fresh plant food. They therefore went well supplied with 
concentrated lemon juice. One special incident during the 
expedition is worthy of note. Mr. Courtauld, one of the members 
of the party, was left for several months almost buried in a snow^ 
hut, for the purpose of making important observations on the 
w'eather. He was alone all that time, yet, when finally relieved, 
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was in perfect health. Going all that length of time would 
almost certainly have left its mark on his health if he had not 
made sure of his diet ; and he himself ascribes the maintenance of 
his good health to the concentrated lemon juice he had taken 
with him. 

It is clear from these observations that certain plant materials 
contain definite substances which help animals to develop cor- 
rectlj^ and also to maintain good health. These chemical sub- 
stances are called vitamins. The inclusion of an adequate supply 
of vitamins in the diet of all animals is therefore necessary in 
order to keep such animals healthy. This is especially so in the 
case of young, developing children. Such a supply of vitamins 
ensures good growth and development, prevents deficiency 
diseases such as scurvy, rickets, beriberi, and stimulates a 
healthy formation of the teeth, bones, etc. 

It is clear that a study of the nature of vitamins is of the 
utmost importance. Actually, we have a great deal to learn 
about them ; but so many scientific workers are now attacking 
this problem all over the world at the present time, that new 
information is being brought to light almost every day. In 
Great Britain, much of the pioneer work on vitamins was done 
by Sir F. Gowland Hopkins at the University of Cambridge, from 
1906 onwards. 

Many plants manufacture vitamins. At one time it was 
believed that the vitamins, like many other substances of nutri- 
tion, could be manufactured only by plants, and that animals 
obtained them by consuming the plants. This is one example 
concerning vitamins which shows how quickly the work on them 
is moving, for so recently as 1922 this was believed. Now we 
are certain that animals can manufacture certain of their own 
vitamins, given suitable conditions, without absorbing them 
from plants. 

Up to the year 1922 only two vitamins were definitely known. 
They were called vitamin A and vitamin B. Now, we are certain 
of several others. 

Vitamin A is a growth-promoting vitamin. W it, 
animals cannot develop properly. In experimental work, 
animals have been kept strictly on a diet containing none of this 
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vitamin • Gradually the animals showed a poor growth and finally 
stopped growing all together, lost weight and then died. This 
vitamin has been shown to be present in many plants and 
animals. It is present in especially large quantities in the liver 
of fishes. This is why cod-liver oil is so often taken b}^ children. 
It ensures their having a sufficient quantity of vitamin A, 
thus stimulating good growth and development. Vitamin A is 
also present in green leaves. It has been shown that the outer 
leaves of certain varieties of lettuce are 30 times richer in 
vitamin A than the inner leaves. Until quite recently, it was be- 
lieved that this vitamin could not be manufactured by animals 
and that fishes, for example, absorbed it into their systems from 
the various sea-plants they consumed. Now we know that this 
is not the case. 

There is a very close relationship chemically between this 
vitamin and carotene (the pigment present in the green colouring 
matter of leaves and also in abundance in the roots of carrots). 
It has been shown that the chemical relationship is so close that 
if animals can absorb carotene, they can make vitamin A from 
it, in their own bodies. 

What was at one time called vitamin B is now known to be 
composed of several vitamins. Two are definitely known. One, 
called vitamin is the vitamin wdiich prevents beriberi. 
Therefore this vitamin is present in the pericarp of the rice grain. 
Vitamin B^ has the property of preventing certain other skin 
diseases, such as that called pellagra. It is present in many 
plant and animal products, such as yeast cells, egg wiiite, wdieat 
grains and tomato fruit. 

Vitamin C is the one which prevents scurvy and other related 
diseases. This vitamin is present in certain parts of plants, 
especially green leaves, such as the cabbage ; in fruit, such as 
lemons, oranges, grape fruit and tomatoes ; and in certain roots, 
such as that of the swede. Work on vitamin C carried out at 
Cambridge in 1933 has brought to light certain facts of great 
interest. It was showm that lemons, oranges and grape fruit con- 
tain about equal amounts of this vitamin but other plants vary. 
The banana fruit, for example, contains about five times as 
much vitamin C as lemons, etc. ; carrot roots, about tw^enty 
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times as much, and cow’s milk about thirty-five times. Also 
certain parts of the same fruit vary in their vitamin content, as, 
for example, the apple. There, the main parenchymatous tissue 
contains about five times that of the peel. 

Vitamin D is a highly interesting one. This is the agent which 
prevents malformation in the skeleton of animals. One disease 
due to such malformation is called rickets, which results in all 
kinds of deformations of the body. Vitamin D is present in the 
liver of fish, in butter, milk and yeast. It is, however, very 
interesting in that it can be manufactured in the animal body, 
without the animal depending upon plants for it. The main 
condition necessary for its direct manufacture in the animal is 
plenty of sunlight. That is why plenty of sunshine is so good for 
the average animal. Those rays of the sun which cause the 
animal to manufacture its own vitamin D are the ultra-violet 
rays. These raj^s can be produced artificially by electricity, and 
animals exposed to artificial ultra-violet irradiation have been 
proved to manufacture the vitamin within their own bodies. 
This fact underlies the beneficial effects of artificial ‘ sun-ray ’ 
treatment. 

Vitamin E is present in many plants, especially the leaves, such 
as cabbage and French beans, and in wheat. It is also present in 
eggs and other animal products. This vitamin has the effect of 
helping animals to maintain their fertility ; that is, if the diet of 
an animal be deficient in this vitamin, it becomes sterile ; in other 
words, it cannot produce young. 

There are other vitamins already discovered. 

The foregoing brief account of the vitamins is sufficient to 
show how important they are to animal, especially human, life. 
This importance is realised to such an extent now, that there are 
many scientific workers, all over the world, who are examining 
the nature and the effects of vitamins. Until comparativelv 
recently, nothing whatever was known of their chemical nature. 
Now we know a certain amount. For example, the chemical 
nature of vitamin C is w’^ell known. It is of an organic acid 
nature. Vitamin D can now be obtained in a pure crystalline 
form. It is supplied in this pure form by the British Drug 
Houses Ltd., under the name ‘^Calciferol.’ This compound is 


SPECIAL USES OF PLANTS TO MAN 


371 


not prex3ared from plant products, but by ultra-violet light irra- 
diation of a chemically prepared substance called ' ErgosteroL’ 

Grape fruit and orange production throughout the world has 
increased tenfold in the past forty years. More than 6,000,000 
new grape fruit and lemon trees w^ere planted in Texas alone in 
1932. This has been due to their increased x^opularity as a 
dessert and, more recently, a fuller realisation of their dietetic 
value, especially from the point of view of the vitamins they 
contain. 

It is clear from our brief survey of vitamins, so far as the}" are 
understood to-day, that, without being fussy about it, one should 
aiw^ays aim at a varied diet with as much fresh food, especially 
vegetables and fruit, as possible. Uncooked foods of this sort 
are very desirable so long as they are wholesome and palatable. 
It is interesting to note what vitamins are consumed in 
normal meals. Vitamin A (growth-promoting and |)re vents 
eye diseases) is present in cheese, butter, liver, cabbage, spinach, 
egg yolk ; vitamin B (prevents beriberi, etc.) is i)resent in 
tomatoes, peas, asparagus, etc. ; vitamin C (prevents scurvy, 
etc.) is present in lemons, oranges, carrots, apples, cabbages, 
etc. ; vitamin D (prevents rickets, etc.) is present in cod-liver 
oil, etc. ; vitamin E (prevents sterility) is x)resent in cabbages, 
wlieat, etc. ; vitamin G (prevents pellagra, etc.) is present in eggs, 
milk, lean meat, etc. 

These highly important chemical substances are of interest to 
botanists since they are present to such a considerable e.xtent in 
certain plant tissues. Also, until a much greater advance has 
been made in the study of vitamins, when it is possible that tlie 
most important of them may be manufactured artificially as 
some already are, we, and other animals, will liave to depend 
upon plants in our diet for the necessary supply of vitamins. 

How vitamins are manufactured by plants must remain a 
problem for some time to come, for little work has been done on 
this subject so far. 


CHAPTER XVIII 
THE FLOWER 

The flower is one of the most essential organs of the most 
advanced plants. The reason that the flower is so important is 
that it is the usual mechanism whereby the plant reproduces 
itself. It has already been seen in Chap. Ill that the flower is 
so constituted that it can produce seeds. Inside each seed is a 
young plant. Since this young plant is not yet developed it is 
said to be embryonic, and is sometimes therefore called an embryo. 
Thus the seed contains the embryo of a new plant. 

Reproduction by means of seeds is totally different from vege- 
tative reproduction. In the latter, the new plant is just simply 
developed from certain tissues of the old one. These tissues are 
formed by the simple division of cells in the old tissues, thus 
producing the new growth which finally ends in the production 
of a new plant. On the other hand, seeds bring in a new con- 
ception altogether. That is the question of sex. 

Sexual Reproduction 

Seeds are produced by a process of sex and, therefore, repro- 
duction by means of seeds is called sexual reproduction. 

Fundamentally, there is no real difference between plants and 
the lowest and highest animals, including man, in their method 
of sexual reproduction. 

The process involves two important cells. When either the 
plant or the animal is about to reproduce itself sexually, it 
usually produces one special cell for the purpose. This cell is 
then capable of dividing a large number of times, thus producing 
a new tissue, from which the new young plant or animal is pro- 
duced. This special cell is called a gamete. Yet, as has already 
been stated, two cells are required for sexual reproduction. 
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This is because one gamete cannot divide and thus develop 
into a new organism without an impetus or stimuhis being given 
to it by another gamete. These two gametes are by no means 
alike. The gamete which is capable of dividing, provided 
it is given a start by the other gamete, is called the female 
gamete, egg, or ovum. The other gamete, which attacks the 
egg and forces it to start dividing, is called the male gamete 
or sperm. 

In forcing the egg to divide and produce an embryo, the 
-sperm actually enters it. Thus there are two special cells called 
gametes showing a curious phenomenon in that the one cell 
(sperm) actually enters the other cell (egg). This uniting of the 
two cells is called fusion. The* sperm fuses with the egg, and, 
once inside the egg cell, the nuclei of the two gametes fuse in 
their turn. 

This is the process underlying the sexual reproduction of all 
plants and animals. It is true that the various mechanisms, 
whereby sexual reproduction is brought about, vary; also, the 
gametes of different plants and animals vary in size and shape ; 
but the whole process is fundamentally the same. The female 
egg is capable of dividing and producing a completely new plant 
or animal, whichever the case might be ; but it is not able to do 
this until the male sperm has fused with it and given it the 
impetus to start dividing. This process of the fusion of the 
gametes to produce a new young individual is called fertilisation, 
and the sperm is said to fertilise the egg. 

Hermaphrodite and Unisexual Flowers 

In flowering plants, the organ which produces both the eggs 
and the sperms is the flower ; hence the great importance of 
the flower. 

Many plants and many animals are capable of producing both 
eggs and sperms in the one organism. For example, in the case 
of the buttercup, both eggs and sperms are produced in the same 
flower , the same applies to the majority of familiar flowers, such 
as the wallflower {Cheirantlius)t tulip {TuUpa), pea (Pisiim), 
violet (Viola) and a host of others. In animals this production 
of both male and female gametes on the same organism is not so 
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common. It is present in some animals, however ; for example, 
the common earthworm. In such cases as these, where the 
same organism produces both kinds of gametes, the plant or 
animal in question is said to be hermaphrodite. 

In the other cases the male gametes are produced in one 
organism, whereas the female gamete is produced in a totally 
different organism. This is more common in animals than in 
plants. For example, in the human being, one organism pro- 
duces the male gametes and is therefore the male organism, or 
iman ; whereas a different organism produces the female 
gametes and is therefore the female organism, or woman. This 
is widespread in animals such as horses, cattle, birds, reptiles, 
frogs, fishes and so forth. Such living things which have only 
one of the sexes represented in any one individual are said to be 
unisexual. 

In plants, unisexuality is not by any means so common. 
Nevertheless, there are unisexual flowers. The unisexual flower 
is that type of flower which can produce either eggs or sperms, 
but not both. Unisexual flowers are again subdivided, because 
in certain plants both male unisexual and female uliisexual 
flowers grow on one and the same plant, whereas in other cases 
the female flower grows on one plant but the male flower grows 
on another plant. Those plants which bear both types of uni- 
sexual flowers are said to be monoecious . Examples of monoecious 
plants are the oak {Quercus), hazel (Corylus), sycamore (Acer) 
and coltsfoot (Tussilago), Plants in which the two types of 
flowers are borne on different plants are said to be dimcious. 
Examples of these are the wdllow (Salix), poplar (Populus) and 
hop {Eimiulus). 

There is a great number of advantages in sexual reproduction 
which vegetative reproduction cannot give. In the case of 
vegetative reproduction, for example, the potato tuber or the 
bramble stolon, the young new plants cannot be produced very 
far removed from their parents unless an artificial agency, like 
man, steps in and helps. On the other hand, seeds which con- 
tain the sexually produced embryos are capable of being carried 
far away from the parent plant, as will be seen later on in this 
chapter. This is of great advantage, for whereas those plants 
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which reproduce themselves vege- 
tative^y soon begin to overcrowd 
tliemseives, the sexually reproduced 
plants can, by means of their seeds, 
be distributed far and wdde. 


4;y 
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The inflorescence 

Flowers vary considerably, but, 
since they conform to certain 
rules, it is proposed to examine one 
of the simpler types and periodi- 
cally compare this with the more 
complex. 

One of the simplest types of 
flower is that of the buttercup 
(Ranunculus). 

Each flower of the buttercup is 
borne separately. It is therefore 
said to be solitary (Fig. 72), to dis- 
tinguish it from many other kinds 
of flowers which are not borne 
separately but in groups of several. 

A cluster of flowers is called an 
inflorescence. 

Infloreseences vary in arrange- 
ment and are classified accordingly. 

For example, the bluebell and 
the cultivated hyacinth bear their 
flowers in inflorescences, each of 
which may be composed of anything 
from five to a hundred flowers. The 
main stalk bearing the complete in- 
florescence is called the peduncle. 

In this case it is a strong upright 
stem, just as it is in the case of 
the delphinium , foxglove, cowslip, etc. Each separate flower is 
joined on to the peduncle by a short stem called the pedicel, 
Seldom does the pedicel come off abruptly from the peduncle. 



Fig. 231. Inflorescence op 
THE Bluebell. 
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As has already been seen, the flower itself may be a very modified 
branch shoot. Now, branch shoots which develop from lateral 
buds on a stem are scarcely ever given off by the stem, naked. 
They are usually given off from the axil of a leaf. If, therefore, 
the flower is a branch shoot, it would naturally be expected that 
its pedicel joins the peduncle in the axil of a leaf. This actually is 
the case, though the leaf, from the axil of which the flower 
pedicel arises, is clearly not a foliage leaf. 
It is modified into a small, inconspicuous, 
tissue-like structure called a bract (Fig. 231). 

In the case of the wild hyacinth or blue- 
bell the inflorescence is very simple, being 
composed of a single, straight peduncle bear- 
ing a series of bracts, from the axils of which 
pedicels arise, each bearing a flower. The 
whole is more or less pyramidal in shape, 
since the oldest flowers, that is, the flowers 
which open first, are at the bottom of the in- 
florescence and then the flowers are younger 
and younger going towards the top. This 
type of inflorescence is called a raceme. 

A type of inflorescence similar to the 
raceme is the spike. This differs only in 
that the flowers are borne directly on the 
peduncle, that is, they have no pedicels. 
This type is represented in plantain (Fig. 232) . 

In another type of inflorescence, the axils 
of the bracts, instead of giving off ' pedicels, 
give off branches of the peduncle. These branch peduncles 
themselves bear bracts, in the axils of which pedicels are pro- 
duced. The final structure therefore is a peduncle bearing 
branch peduncles, each of which is a raceme. This ‘ raceme of 
racemes ’ is called a panicle. The panicle is characteristic of the 
Yucca, do plant commonly cultivated in parks in the south of 
England, which bears long, spiked, deep green leaves (Fig. 233). 

In a type of inflorescence closely related to the raceme it 
will be noticed that the length of the pedicels gets longer and 
longer from the top downwards. That is, the older the flower, 



Fig. 232. Inflor- 
escence OP THE 
Plxntain (Spike). 
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the longer the pedicel. The result is that the inflorescence, 
instead of being pyramidal in shape, is circular and flat, viewed 
from above, since, owing to the different lengths of the pedicels, 
all the flowers, in spite of the fact that they are borne at different 
levels on the peduncle, are themselves all on a level with each 



Fig. 233, Inflorescence of ITecm (Panici^e) 

{xifUr A. F, W. Schimper.) 

other. This is well seen in the candytuft (Iberis). This type of 
inflorescence is called a corymb (Fig. 234). 

The same effect is obtained by another type of inflorescence 
in that air the flowers are on the same horizontal plane, but this 
type differs from the corymb since all the pedicels are given ofl 
from the same level on the peduncle, that is, the top, instead of at 
different levels. This type of inflorescence is called an umbel and 
is characteristic of the cherry (JPmmta ceraaei^) (Fig. 235). 
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In m ally plants the umbel is more complicated. It resembles 
the simple umbel in that all the branches are givean of! at the 

same level ; but here tlie branches 
are not single pedicels, b ut branches 
of the peduncle, and each one of 
these branches in its turn gives off 
a collection of pedicels at its end. 
Therefore, the whole inflorescence 
may be looked upon as being an 
umbel of umbels or, batter still, a 
compound umbel. But the final 
effect is the same in that all the 
flowers are on the same level. It 
is clear that the compound umbel 
bears the same relation to the simple 
umbel as the panicle does to the 
raceme. The compound umbel is 
very common in Nature, being 
represented in the parsley (Pe’iro- 
parsnip {Pastin€xca),Qdum\i 
(Dauctis), fool’s parsley (Aethim), 
•BTg. 234. Inflorescence of hemlock {Conium), and many tro- 
AND^TUFT ORYMB). pjcal flowering plants (B^ig. 236). 

In all members of the flowering-plant family called Compositse, 
there is a very special kind of inflor- 
escence. This is because the flowers 
themselves are very peculiar in struc- 
ture. Many British plants belong to 
this family, such as the dandelion, 
sunflower {HeUmithus), daisy (Beilis) 

(Fig. 237), etc. In a single daisy head, 
for example, what appear to be single 
white petals given off in ray-like form 
from the circumference are, in fact, all 
single, separate flowers. Each yeUow 
structure, too, hundreds of which form 
the yellow disc^ is a single yeUow 
flower. So here we have a large 
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number of flowers all borne on the same level on a structure 


shaped like a bun. This type of inflorescence is called a capi- 
tulum. The whole inflorescence in the case of the capituhim is 
supported by a collection 
of bracts known as an 
involucre. 

Other types of inflor- 
escence may be classified 
as cymes. They are more 
definite than racemose in- 
florescences because they 
each end in a flower, and 
the production of a flower 
at the end of a shoot 
prevents further growth 
in that direction. On the 
other hand, a raceme does 
not end in a flower. 

There are several types 
of cymes, but in each case, 
since the inflorescence ter- 
minates in a flower, any 
further development must take j)lace through a branch. Cymes 
may be divided into two groups, namely, one- branched, com- 
monly called, monochasium, and two-branched, or dichasium. 



Fig. 236. Inflorescence of Fool's 
Parsley {CoaiPouNO Uivibel). 



Fig. 237. Inflorescence of Daisy (Capitclcm) cut in 
• Half. , 

(After Figuier.) 

The former may be divided into two types : (a) in w^hich the 
new branches invariably come off on the same side of the parent 
stem (6) in which the new branches come off alternate sides 
of the parent branches. 
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A tj'pical example of a dichasium is the mouse-ear chick- 
weed. These various types of inflorescences are understood 



capiwfum monochasium dichasium 


Fig. 238. Diagrammatic Representation of Various 
Types OF Inflorescences. 

better by reference to their diagrammatic representation in 
Fk. 238. ' 
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The Flower 

In view of the enormous variety of flowers in the plant king- 
dom, no amount of study concerning them from books w'ill help 
very much in understanding their structure. By far the best 
method is to gather as many types of flowers, either from the 
garden or, better still, from the fields and meadows, and to 
study the floral structure from the real object. When studying 
flowers in this way, one should always draw them and their 
various parts separately and, wherever possible, write a descrip- 
tion of what is seen. 

There are two chief ways of studying the structure of flowers. 
One is to examine the flower as a whole, then dissect it by re- 
moving each organ separatel}^ By this means, however, one 
often loses the chance to examine the relative positions of the 
various organs. The second method is better with regard to 
this, for it involves cutting the flower by means of a sharp knife 
or pencil, longitudinally down through the centre, then examin- 
ing the cut half. In this way, all the various organs can be 
examined with special relation to their po.sition within the 
flower. 

A simple type of flower to exaihine first is that of the l)utter- 
cup {Ranunculus). In it there are four sets of different organs, 
all borne upon a swollen structure. This structure is really the 
swolkm end of the stem, and since it bears all the floral organs 
it is called the receptacle (Fig. 239). 

Passing from the outside of the flower towards the centre, the 
four sets of organs may clearly be distinguished. All the oi'gans are 
arranged around the receptacle in definite groups called whorls. 

The outermost whorl of organs is composed of five green, 
boat-shaped organs,' each of which is called the sepal. The com- 
plete whorl of sepals is collectively known as the calyx. The 
function of the sepals is not a very important one ; in fact many 
other flowers have no sepals at all. The main function of the 
sepals is that of protection of the more delicate and much more 
important floral organs nearer the centre of the flower. In the 
case of the buttercup, for example, when the flower is young and 
unopened, the sepals, being on the outside, surround the inner 
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structures and protect them from rain, cold, etc. When the 
flower finally opens, the sepals help to hold the rest of the floral 
whorls together. In some flowers, however, the function of 
the sepals comes to an end when the flower-bud opens. This is 
demonstrated in the case of the poppy {Palaver) flower. Here 



HALF OF FLOWER CUT LONGITUDINALLY 
Fig. 239 . The Buttercup Flower. 


there are two sepals. They form a splendid protective covering 
when the poppy flower is still in bud ; but when the flower is 
opened the sepals soon fall oil. The result is that the large red 
whorl of organs, called the petals, have little means of support, 
with the result that they are soon blown off by the wind. That 
is w^hy poppy flowers soon ' drop ’ when they are gathered. 

In the buttercup, the next inner whorl to the calyx is the 
corolla. This is composed of usually five bright yellow, heart- 
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shaped petals, though this number varies slightly. At the base 
of each petal is a small sac which contains a sweet juice called 
nectar. Therefore the sac is called a nectary. Insects visit 
flowers chiefly to collect this nectar, and from it they make 
honey. The petals alternate in their position vith the sepals. 
That is, between the five sepals there must be five spaces ; tlie 
petals are opposite these spaces and not opposite the sepals 
themselves. 

Next in order to the petal whorl, passing inwards, conies 
several whorls of structures, yellow in colour and shaped like 
Indian clubs. These whorls constitute what is collectively 
knowui as the androecinm, but each separate structure is called 
a stamen. The number of stamens in any one buttei'cup fiow^er 
is large, and the number varies considerably in different butter- 
cup flowers. This is quite different from the case of, say, the 
hyacinth, where the number of stamens is constantly six. 

The innermost whorls of the buttercup constitute what is 
called the gyncecinm. This is again composed of an indefinite 
number of organs, each shaped more or less like a kidney, with 
a hooked structure at the upper end. Each organ is called a 
carpel. 

The main function of the flower, as has already been seen, is to 
produce male and female gametes and to allow male, and female 
gametes to fuse together, thus producing the young embryo. It 
is therefore our business to discover which of the floral organs 
take part in this method of sexual reproduction. 

In the case of the example just considered. — the biittercup — 
there are four sets of organs borne in whorls upon a receptacle. 
They are sepals, petals, stamens and carpels. Neither the 
sepals nor the petals have anything to do with the production of 
gametes. Therefore, as floral organs, they are looked upon as 
being only of secondary importance. In fact, they are really so 
unimportant that in many cases of other flowers they are 
absent altogether. For example, in the unisexual wilfow, the 
female flowers have no sepals, petals nor stamens and the male 
flower has only stamens, and no other whorls. 

Although sepals and petals are relatively unimportant, 
stamens and carpels are of the utmost importance, for it is these 
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organs which produce the gametes. The stamens are responsible 
for the production of male gametes, whereas the carpels are 
responsible for the production of the female gametes. In herma- 
phrodite 'flowers, like the buttercup, stamens and carpels are 
naturally present in each flower. On the other hand, in uni- 
sexual flowers, stamens only are present in the male flowers and 
carpels only in the female flowers. 

The botanist Nehemiah Grew, in 1676, was the first to suggest 
that the stamens and carpels are the male and female organs, 
respectively, of plants. Nevertheless, it was not until 1694 that 
another botanist, R. J. Camerarius, really discovered sex in 
plants. Although the details were not worked out until about 
150 years after this, as will be seen later in the chapter, the great 
Swedish botanist, Carl Linnaeus, accepted the work of Camerarius 
and concluded that the stamens and carpels were so important 
that he used them as the main basis for classifying the flowering 
plants (see Chap. XXIV). 

If a stamen of the buttercup flower be dissected away from 
the flower and examined under a lens, it will be seen that it is 
composed of a fine stalk which swells at the top into a long 
cylindrical structure. The stalk is called the filament, and the 
swollen head the anther. The latter is the more important part, 
and the stalk serves to convey food materials to it from the plant 
itself. To get a clear idea of how the stamen performs its im- 
portant function of the production of male gametes, it is neces- 
sary to examine the anther under the microscope. Then it is 
seen to be, not a solid mass of tissue (at any rate when ripe), but 
to be composed of four cavities which run throughout its length. 
When ripe, these cavities are filled with hundreds of spherical 
bodies called pollen grains. Pollen grains are not the male 
gametes, but the male gametes are produced from them, as will 
be seen when the process of fertilisation is considered, later. 
Until then, it will be best, therefore, to leave the structure of 
the stamen and consider that of the carpel. 

Externally, the carpel of the buttercup looks like a tiny green 
kidney with a small hooked projection at the upper end. The 
main part is called the ovary, and the hooked projection the 
style. At the very tip of the style, the surface is sticky. This por- 
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tioii of the style is therefore called the stigma. The ovary is 
composed of tissue enclosing a cavity. 

The ovary, therefore, is really a wall surrounding an enclosed 
space. This wall is often referred to as the ovary wall From the 
base of the wall, an egg-shaped structure is borne on a small stalk 
and proj ects into the cavity of the ovary. This egg-shaped struc- 
ture is very important from the point of view of reproduction. 
It is called the ovule because, when it is ripe, it bears the female 
gamete, egg, or ovum. 

Diversity of Floral Structure 

There are, therefore, two most important parts to the flower : 
the stamen, containing the pollen grains, which is capable of pro- 
ducing the male cells, and the carpel, containing the ovule, which 
produces the female cell. In the process of reproduction, the 
next stage is the fusion of the male and female gametes. But 
fusion cannot take place unless the two gametes are in contact 
with each other. At the present stage they certainly are not, for 
the pollen is in the anther and the ovule is in the carpel ; and both 
these organs are some distance away from each other . Therefore, 
although the next fundamental stage is fusion, there are some 
mechanical processes necessary before this can take place-— pro- 
cesses which will bring the two opposite gametes together. 

One of these mechanical stages is the bringing of the pollen 
into contact with the carpel. This process is called pollination. 
The methods of pollination in flowering plants are manifold, 
and this is where the secondary organs, the petals, are helpful. 
So, before considering pollination and what happens after polli- 
nation takes place, it would be best to examine some different 
types of flowers, and see how these t3^es effect the process of 
pollination. 

The various whorls of flowers vary in almost every conceiv- 
able way. It is naturally impossible to consider them all, but a 
few examples will give some idea of the diversity of structure. 

Calyx 

The calyx shows comparatively little diversity. The number 
of sepals composing it varies ; there are two in the poppy, three 
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Fig. 240. The Water-lily. 

The spiral arrangement of the stamen§ 
and petals is shown by their insertions 
on the ovary to the left (reduced). 

sepals joined together, by looking at 
top of the calyx tube (Fig. 241). 


in the lesser celandine 
four in the wallflower and 
five in the buttercup. In 
a few cases, the sepals 
are numerous, as in the 
water-lily {N ym'phmaalba ) , 
where they are arranged 
in a spiral whorl (Fig 
240). 

Sometimes the sepals of 
the calyx are all joined to 
each other, forming a tube. 
This is well seen in the 
case of the primrose (Pn- 
mula vulgaris ) . There , the 
calyx forms a definite tube, 
but it is easy to see that it 
is really composed of five 
the five long teeth at the 




Fig. 241. The Primrose Flower. 

On the right, the calyx (enlarged). 

Sometimes the calyx, instead of being its normal colour, that is, 
-green, becomes brightly coloured and enlarged and takes on the 
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function of the petals of the corolla. The calyx in such a case is 
said to be petalloid, and, since it is doing the work of the petals in 
being bright and attractive, the petals are no longer needed as 
such. In the marsh 
marigold (Caltha pal- 
ustfis), for example 
(Fig. 242), what looks 
like five large yellow 
petals are really 
sepals. In this flower 
and also in the cle- 
matis or traveller’s 
joy {Clematis vitalba), 
the petals are entirely 
absent. In the Christ- 
mas rose, the sepals are petal- 
bid, being large and white; yet 
the petals are not absent but are 
reduced to small tubular nectaries 
in their correct position on the 
flower, that is, between the calyx 
and the androecium. 

Corolla 

It is in the corolla that one sees 
the greatest diversity of shape, 
colour and arrangement. 

In some flowers the petals are 
entirely absent, for example, the 
willow. In many cases the petals 
join to form a tube, as in the 
primrose (Fig. 241). The number 
of petals, too, varies considerably, even more than in the 
case, of the sepals. For example, the wallflower has four, 
the^ink and the buttercup, five, and many have an indefinite 
number. 

Some flowers are regular in the arrangement of their petals. 
For example, in the case of the buttercup or the wallflo’wer 


Fia. 242. The Marsh 
MARIC fOHD (reduced). 
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{Chfimnthus €heiri), the petals and, indeed, all the floral organs 
are symmetrical about any axis. Tliat is, it does not matter in 
what vertical plane one cuts through the flower, the two halves 
produced are the images of each other. Such regular flowers 
are said to be actinomorphic (Fig. 243). 




wallflower 




Diagrammatic face view of wallflower, 
symmetrical around any plane passing* 
through the centre (actinomorphic). 


Diagrammatic face view of sweet pea, 
symmetrical around one plane only passing 
through the centre (zygamorphic). 


Fig. 243 . Flower of the Wallflower (actinomorphic) 

AND THE Sweet Pea (zygomorphic). 

On the other hand, many flowers are irregular. In the 
sweet pea (Pisum), for example, there are five petals, but 
they are not all the same shape. Looking straight towards 
the inside of the flower, there is one large petal standing 
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Up at the back. It is larger and more spreading than any 
of the others, and is called the standard. Then, there are 
two wing”like petals, one on each side of the standard. Each 
is called a wing. At the bottom are two still smaller petals, 


facing each other and appearing similar 
to a ship’s keel. The two together are 
therefore called the keel. In this flower 
it is quite obvious that there is only 
one vertical plane through which one 
could cut the flower in order to produce 
two symmetrical halves. The plane would 
pass down the middle of the standard and 
between the two wings and the two petals 
forming the keel. Such irregular flowers 
as these are said to be zygomorphic (Fig. 
243). Violets {Viola) and pansies are also 
examples of zygomorphic flowers. In the 
violet, the largest petal has a long spur 
which projects backw^ards beyond the 
floral receptacles. At the bottom of this 
spur is a nectary. 

In a large number of flowers, it is im- 



possible to tell the difference between the 
calyx and the corolla. Good examples of 
this are the tulip, bluebell, crocus, etc. 
(Fig. 244). The sepals are exactly the 
same shape and colour as the petal^. 
There are, however, two whorls of these 
organs, an outer one of three and an 


Fig. 244. The Crocits. 

Note that in tlia 
flower the perianth is 
composed of an outer 
whorl of three and an 
inner whorl of three 
segments (reduce<b. 

{AJUt Baillm.) 


inner one of three, which alternate with the three outer ones. 


Where it is impossible to distinguish between the calyx and 
corolla, the two sets of organs are grouped together and called 


the perianth. 


Stamens 

The andrcecium of the flower also shows a great diversity of 
structure, especially in number of stamens. We have already 
seen that the number is high and indefinite in the buttercup 
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Fig. 245. Vertical Section through 
Flower of Wallflower (enlarged). 
Note two of the long and the two short 
stamens, t, receptacle. 

{After Oliver.) 


(Eig. 239) ; so it is in the poppy and the rose. But in many 
oases the number is definite. In the deadnettle there are 

four; wallflower, six; 
hyacinth; six ; and 
pea, ten. Sometimes 
the filaments of the 
stamens differ in length 
in the same flower; 
for example, the walh 
flower has four long 
stamens and two short 
ones (Figs. 245 and 
246), and the white 
deadnettle {Lamium al- 
bum), two long and two 
short. 

In the buttercup, wall- 
flower, etc., the stamens 
are joined directly on to the receptacle (Figs. 239, 245, and 
246). In other cases, however, instead of being fixed to the 
receptacle, the stamens are joined on to the 
members of the perianth or on to the petals. 

In the bluebell, for example, the stamens 
are j oined on to the perianth segments . There 
is one stamen on each perianth segment, 
thus giving six stamens in all (Fig. 247). 

Another example, which is even more curious, 
is that of the primrose. Here, the stamens, 
of which there are five, are joined on to the 
corolla tube some distance up. But the 
distance varies, m that in some flowers the 
stamens are about half-way up the tube, 
and the style of the ovary is long, thus 
placing the stigma above the stamens ; where- 
as in other flowers, the stamens are fixed at 
the top of the corolla tube and the style is 
short, thus placing the stigma below the 
stamens (Fig. 247). 



Fig. 246, Pistil 
and Stamens of 
Flower of Wall- 
flower, the Pet- 
als having been 

REMOVED. 

{After Oliver.) 
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In some flowers, the stamens are joined together as in the 
dandelion (Taraxacum)^ where there are five joined, thus form- 



Fig. 247. Longitudinal Sections through the Flowers 
OF THE Bluebell (left) and the two Types of Primrose 
(right). 


ing a tube around the gynoecium (Fig. 248). In others, only some 
of the stamens are joined, as in the bird’s-foot trefoil (Lotus 



Fig, 248. Flowers of the Dandelion (left) and 
Bird s-FOOT Trefoil (right) 


corniculatus), where there are ten stamens, nine of which are 
joined and the tenth is free (Fig. 248). 
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Carpels 

The gyiioecium shows many interesting forms. One of the 
simplest is that of the buttercup, where all the carpels are 
separate. The number, too, is high and indefinite (Fig. 239), 
In many flowers, on the other hand, the carpels are few and 
definite in number, and are very often joined to each other. 

The methods of joining of the carpels are interesting but com- 
plicated. The best way to examine the various types would be 
first of ail to imagine the carpel as an open leaf, bearing its 
ovules on the margins. It must be remembered, however, that 
owies never are borne naked and exposed in this way in Angio- 
sperms ; but, starting with this hypothetical case, it is easy to see 
the various ways in which the ovules could conceivably become 
enclosed by the carpel, and then see if there are any examples to 
fit these ways actually existing in the plant kingdom. 

The simplest method for the open carpel to enclose its ovules 
would be to fold in haH, thus bringing together its two margins, 
bearing the ovules. Then, imagine these margins to become 
joined to each other. Thus should we get one carpel enclosing 
one vertical line of ovules . This is exactly what we do get in many 
cases. In the bean {Vicia Faba),ioT example, there is a series of 
about eight ovules arranged as one would expect them (Fig. 249), 

The next method of enclosure would be for two carpels, facing 
each other, to j oin at their margins. This would give two carpels 
forming an ovary with one common cavity into which the ovules 
would project from two longitudinal rows. This is the case in the 
gooseberry {Ribes Grossularia) (Fig. 249). A variation of this is 
seen in the tomato (Solanum lycopersicum). Here, the margins, 
four in all, two from each carpel, meet at a common centre. 
Thus there are two carpels, with two cavities, and a row of ovules 
projecting into each cavity. In many other cases the same 
method as that of the gooseberry applies, except that there are 
three carpels, with a common cavity into which three longitu- 
dinal rows of ovules project. This is seen in the violet {Viola) 
(Fig, 249). 

Then the variety similar to that of the tomato except that it 
has three carpels with three cavities, into each of which one row 
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of carpels project, is also possible ; indeed it is verj’ common 
amongst flowers. It is seen, for example, in the tulip (Tulipa) 
(Fig. 249). An even more complicated type is seen in the prim- 
rose (I'ig- 249). Here, there are live carpels 

Joined together but the ovules, instead of forming rows at the 



tuHp 

Fig. 249. Various Types or Ovaries cut across to show 

THE JoiNIXO OF THE CaBPELS. 


fused carpellary margins, are borne on a projection from the base 
of the ovary cavity. 

The simple type of gynoecium where the carpels are all free is 
called apocarpous, whereas the ovary which is composed of 
joined carpels is said to be syncarpousv 
The arrangement of the ovules within the syncarpous ovary is 
referred to as placentation, because that part of the carpel on 
which the ovules are borne is called the placenta. In the case of 
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the gooseberry and violet, where by the method of carpellary 
fusion the ovules line the ovary wall in longitudinal rows, the 
placentation is said to be parietal. Where the fusion of car- 
pellary margins takes place all together at the centre, as in the 
tomato and tulip, the placentation is axile. The primrose, how- 
ever, is an example of the ovules being free from the ovary wall. 
Such placentation is therefore called free central (Fig. 250). 

In many flowers, the floral receptacle changes its shape so 
much that the relative position of the various whorls is entirely 
altered. In the simplest case, such as the buttercup, the 
gyncBcium is at a higher level than all the other whorls ; in other 

APOCARPOUS SYNCARPOUS 




parieta! axile free central 

IiG. 250 . Various Types op Placentation seen in Trans- 
verse Section. 

words, the gynoecium is superior to them, whereas they are 
inferior to the gyncBcium. Since the other whorls are below the 
gyncecium, this flower is said to be hypogynous. In the opposite 
oxtreme, the receptacle becomes cup-shaped, with the result 
that the whole of the gynoecium is inferior to the rest of the 
floral whorls, and the ovary wall fuses with the receptacle. 
This is seen in the pear flower, and is said to be epigynous. 
Then there is a stage intermediate between these two extremes 
where the receptacle is only slightly cup-shaped, such as in the 
case of the lady’s mantle. This intermediate t 3 ^e is referred to 
asperigynous (Fig. 251). 

Representation of Floral Structure 

There are three important ways in which the structure of a 
flower is illustrated or represented. 

Oners by means of what is called a floral formula. By reference 
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to a floral formula it is possible to tell [a) wlietlier a flower is 
actinomorpMc or zygomorphic; (6) whether it has an inferior 
or a superior ovary ; (c) the number of sepals, petals, stamens 
and carpels ; {d) whether any or all of these are free or joined. 

(a) Actinomorphy is represented by the sign and zygo- 
morphy by f ; (6) an inferior ovary is represented by a line over 
the sign for the gyncecium, and a superior ovary by a line be- 
neath ; (c) sepals by iT, then the number, petals by 0, then the 
number, androecium by J., then number, and gynmcium by 0, 
then number. If any of the parts are joined, then brackets are 
put around the numbers concerned. 



Fia. 251. Diagbam op Hypogynous (A), Pebigynous (B, B % 
AND Epigynous { C ) Flowebs. 

{After Schimper.) 

The following floral formulse are examples : 
buttercup {Eanunculus acris) : @ K5 €5 A oogoo 

wallflower {Cheimnthm Cheiri) : © KA CAAA+2 0(2) 
pea (Fisum sativum) : f JK 5 05 A (10) (G2) 

Where there is a perianth and not two separate whoris of sepals 
and petals, the perianth is represented by P. Therefore the 
floral formula for the tulip is: 

© P3 + 3 AS + 3 g(3). 

The second method of representing floral structure is by means 
of the longitudinal section. When drawing this, one must re- 
member that it is not half a flower which is to be represented but 
just those parts of the flower actually cut by the scalpel (Fig. 253). 

The third method of representation is the floral diagram. 
This is really a plan of the flower, with certain portions showm in 
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section for the sake of clarity. If the sepals, petals or stamens 
are Joined, they are represented as such by small brackets on the 



fiorat diagrams 


leK5C5AooGMj©K2.aC4Aa-*C5gljfK(5)C5A[t5^Di | ®Pj^AwGi| 

Poral formulas 

BUTTERCUP WAmOWER P£A J^^p 

Fig. 2o2. Methods of bbfresbnting Floral Structure. 

diagram. This is not necessary in the case of the carpels since 
they are usually drawn more or less as they really appear in 
transverse section. A study of the examples shown will give an 
idea of how to draw floral diagrams (Fig. 252). 


I 
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Pollination 

Having made a brief survey of the diversity of floral strnctiire, 
we are now in a better position to cast our minds back and fol- 
low u}> the methods of pollination^ and then go on to the process 
of fertilisation which leads to seed production. Pollination is the 
|)rocess whereby the pollen can be brought into such a position 
timt the male gametes can approach the eggs present in the 
ovules and thus bring about fusion. The position which pollen 
takes up, in order to do this, is on the stigma of the o^rary. 
The stigma is naturally sticky and thus, if the pollen can be 
brought into contact with it, the pollen will naturally adhere 
to it'. 

The process of pollination can take place in one of two ways. 
Either the pollen from the stamen of a flower can pass to the 
stigma of the ovary of the same flow^er ; or the pollen of one 
flower can pass to the ovary of a differeiit flower. The former is 
called self-pollination, and the latter, cross-pollination. It will 
I)e seen in Chap, XXIV that cross-pollination has many advan- 
tages over self-pollination, and that by far the majority of 
plants use this method. In fact, many flowers are so constructed 
that they may not only increase their chances of cross-pollina- 
tion, but also prevent self-pollination. 

When the pollen is ripe and thus ready to pollinate a flower, it 
becomes dry, within the sacs of the anther head. Then the 
anther becomes ruptured longitudinally and the pollen is thus 
exposed to the air (Fig. 253). 

Self-Pollination 

In self-pollinated flowers, the exposed pollen merely droi)s by 
virtue of its owm. weight on to the stigma. The chickw’eed is a 
good example of a self -pollinating flower. Although self-polli- 
nation is never so desirable to a plant as cross-pollination, 
some plants, if cross-pollination for some reason or another 
does not take place, resort to special methods in order to force 
self-pollination. There are tw-o curious examples of this. In 
the flower of love-in-a-mist {Nigella), a beaiitifui blue, garden 
flower, the styles of the carpels are much longer than the 
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stamens ; so it is impossible for the pollen naturally to fall on 
the stigma, which is situated at the top of the style. Therefore^ 
when the pollen is ripe, if cross-pollination has not taken place, 
the styles gradually bend backwards until their stigmas are 
brought into contact with the exposed pollen on the anther, just 
like an elephant can bend its trunk backwards to its rider in 


vascular bundle 


vascular bundle. 


anther ... 


pollen sac containing 
pollen grains 



filament — 


STAMEN CUT TRANSVERSELY 
THROUGH ANTHER HEAO 


TRANSVERSE SECTION THROUGH ANTHER 
HEAO OF RIPE STAMEN WHICH 
■ HAS BECOME RUPTUREO, THUS 
EXPOSING THE POLLEN 


Fig. 253. A Typical' Stamen. 


order to take a bun. In the sweet violet, there is an even more 
eiSicient method of enforcing self-pollination. In the normal 
flowers of this beautiful plant, cross-poUination usually takes 
place. But very often certain flowers are produced which always 
remain in bud. They never open and are very inconspicuous. 
Such flowers are said to be cleistogamic. Although they never 
open, stamens and carpels are present inside them. Thus, when 
the pollen is ripe and the anther becomes ruptured, the pollen 
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has no choice other ■ than to fall on the stigma of its own 
flower. 

Cross-pollination 

Many plants devise most wonderful mechanisms to ensure 
ri’oss-pollination ; and some go even still further and, by various 
met hods, actually make self-pollination impossible. The simplest 
of>staele to self-pollination is that in which pollen, when placed 
on the stigma of the same flow'er, cannot produce gametes, for 
some unknown reason. This method, however, is not common. 
A more common method is to ensure that the stamens of a flower 
and the stigmas of the same flower ripen at different times ; for 
fertilisation is impossible unless both male and female organs 
are ripe simultaneously. A good example of this is seen in the 
plantain {Plantago lanceolata). The flowers of this plant are 
borne in a spike-like inflorescence. In all the fiow'ers, the car- 
pels ripen first. Then the stamens begin to ripen, but from the 
bottom upwards, with the result that the pollen can never fall 
on the stigmas (Fig. 232). 

Wind Pollination 

The methods of cross-pollination are extremely interesting. 
The simplest method is by wind. This is very common amongst 
plants with unisexual flowers, such as sycamore {Acer pseudo- 
plaianns) and hazel {Corylus avellana) (Fig. 254). In the latter, 
the male flowers, which, of course, produce the pollen, are borne 
in inflorescences familiarly known as catkins. The female flowers 
ai*e far less conspicuous. When the pollen is ripe and exposed on 
the ruptured anthers, it is easily blown off by the wind, since the 
pollen is so dry. That is why in early spring it is quite a common 
sight, on windy days, to see clouds of pollen being blown from 
catkin -bearing hazel bushes. Naturally, the chances of any one 
pollen grain reaching the stigma of a female flower are very re- 
mote in this method. Therefore, thousands of times more pollen 
is prcxluced than is actually required, since there is a great 
mortality amongst the pollen grains. This is, therefore, a very 
wasteful method. Wind pollination is usual among most 
British trees and grasses. 
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Insect Poliination 

A more efficient method of cross-pollination involves the use of 
insects, chiefly bees, wasps, butterflies, moths, flies and beetles, 
as the agents of distribution of the pollen. It is quite clear that 
these animals can easily collect pollen on their hairy backs and 
legs, when visiting a flower for its nectar. Then, as the insects 
pass on to another flower, the pollen collected from the first is 



1, Branch with male and female catkins ; 2, group of fruits ; 

3, bract with two female flowers (note the long styles) ; 4, male 
flower; o, stamen ; 6, fruit removed from cup. 

{After Strasburuer.) 

rubbed on to the stigma of the next. This is what happens in its 
simplest form in the case of the buttercup. 

Some flovrers, however, are prepared for the insect, and 
various devices in the flowers make poliination, by means of the 
insect, certain. 

First of all, of course, flowers must attract insects to them. It 
is scarcely sufficient to have the nectar ready for them, for until 
the insects actually go to a flower, they cannot be expected to 
know that nectar is to be found there. Insects are attracted in 
two chief ways. One is by the bright, attractive colours of the 
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H(4als. Tills is one of the functions of the petals of most flowers. 
The otiier way is to produce the delicate perfume so familiar in 
many fhuvei's. Insects are attracted by this perfume ; in fact, 
scent attracts insects more surely than bright colours do. 

Flies and beetles, sometimes used in cross-pollination, have 
only short tongues, wdiich are, therefore, useful only to widely 
open flowers, like the buttercup. Bees and butterdies, on the 
other hand, have long tongues. The flowers that attract 
these, therefore, usually have their nectar deeply seated, so 
that the insect has to push its w’ay right into the flower. Thus, 
the flower makes sure that the insect touches both anther and 
stigmas. ' ' 

A very pretty special adaptation to insect pollination is seen 
in the highly z 3 "gomorphic flower of the sage plant {Salvia), In 
this flower, the stamens ripen before the carpels. There are two 
stamens. Each stamen is shaped in such a manner as to ensure 
pollination. The filament is shaped like a T. The anther-head is 
at the end of one of the branches of the T onty, the upper one. 
The style of the ovary is long and reaches out above the stamens ; 
80 that it is not in the way of the insect. The petals are joined to 
form a tube, at the base of which is the nectar. The lips of the 
petals, however, protrude ; and the lower one forces itself out- 
wards to form a landing stage for the insect. When the insect 
has landed, it forces its head down the corolla tube to get at 
the nectar. In doing so, it pushes against the lower branch of 
the T-shaped anther, which then acts as a lever, and the upper 
branch with its exposed pollen is forced over and touches the 
insect’s back, thus brushing the pollen on it. During this time, 
the style is above the insect and is not touched. This does not 
matter, for the time being, since the carpels are not ripe. How- 
ever, after the insect has gone and taken the pollen away on its 
hack, the stamens die, and then the style ripens and bends for- 
ward. By so doing it gets into the direct line of attack of the 
next insect which comes along. The stigma brushes the back of 
the insect, and thus collects some of the pollen from its back 
(Fig. 255). 

Sterility of fruit trees is a widespread evil. This is due 
chiefl}^ to lack of pollination, through the inactivity of insects, 


402 


EVERYDAY BOTANY 


especially humble bees. The Royal Horticultural Society has 
issued suggestions for dealing with this trouble. For example 
bees prefer cherry flowers to those of currants and gooseberries, 
Therefore these insects will not visit such shrubs if they are in 
the vicinity of cherry trees. Many insects, too, will visit the 
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Fig. 255. Insect Pollination in the Sage. 

edges, but not the centre of a large orchard. It is therefore sug- 
gested that hives of bees should be kept, here and there, amongst 
the trees of such an orchard. 

Fertilisation 

Now, having got the pollen on the stigma of the ovary, the 
next problem is to see how the male gametes from the pollen 
get to the female gametes of the ovules present inside the ovary. 
'Hie whole process is looked upon as one of fertilisation and, 
strange to relate, although the function of the sexual organs was 
recognised in the seventeenth century, detailed knowledge of the 
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l'»rc)cess dates back to less than a hundred years ago. Fertiiisa- 
tkm in plants was first of all described by the Italian naturalist, 
G. B. Amici, in 1823 ; but the process was not really imderstood 
until 1846, when much more work was done on it by the English 
liotanist. Robert Brown. 

It has already been seen that the ovule is usually more or less 
egg-shaped. When it is ripe and ready for fertilisation, it con- 
tains one female gamete, the egg. Its structure, at that stage, is 
somewhat complex. The ripe ovule is composed of an oval mass 
of small parenchymatous cells called the nucellus. Surrounding 
this are two layers of cells or coats called integuments. At the 
far end of the ovule, the integuments are pierced by a small pore 
called the micropyle ; thus, at the micropyle the nucellus is ex- 
posed. Embedded in the tissue of the nucellus is a large oval 
sac called the embryo sac, for, when fertilisation has taken place, 
this sac will contain the young embryonic plant. The whole 
structure of the ovule can be better imagined if it is compared 
with a plum, although the relative dimensions would be dif- 
ferent ; for example , the ovule is microscopic in size, but it will 
help us to understand this complicated structure. The fleshy 
part of the plum represents the nucellus. The ovoid stone re- 
presents the embryo sac, though the former is thick and solid, 
wbereas the latter is very delicate and contains a fluid. The skin 
of the plum represents the two layers of integuments. Then 
imagine the skin of the plum pierced at the end opposite the 
stalk to expose the flesh, and we have the micropyle. 

Inside tlie embryo sac are several cells, but only tw'o of them 
are of the utmost importance. The one near the micropylar end 
of the sac is the female gamete, or egg ; and the one in the centre 
of the sac is called the endosperm nucleus. 

Now, the ovule is ready for its egg to be fertilised. The next 
stage, therefore, is to get the male gamete from the pollen grain 
on the stigma , to this egg. The egg is passive and does not move . 
It is the male gamete that has to do the moving. This is done 
by the pollen grain growing and producing a long tube, called the 
pollen tube, which grows down the style. In order to do this, it 
must have nourishment, and it gets this from the sugary sub- 
stances present in the style. The tube continues to grow until 
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it reaches the cavity of the ovary. Then it passes across this 
cavity, and the end of the pollen tube forces its way through the 
micropyle of the ovule into the embryo sac. 

Now, the pollen tube contains several nuclei, two of which pass 
down it and, when the end of the pollen tube gets into the 
embryo sac, it bursts, with the result that the two cells from the 
pollen grain are let loose into the embryo sac. One of these cells 
is the male gamete or sperm. This goes to the female gamete or 
egg, and fuses with it. Thus the egg has the necessary stimulus 
to divide and it then begins to do so. The other cell from the 
pollen grain fuses with the endosperm nucleus, which also begins 
to divide and produce new tissue. 

Sometimes more than one pollen tube begins to grow dovn 
through the style ; but as soon as one pierces the micropyle, the 
others die (Fig. 256), 

The Seed 

Thus fertilisation is completed, and we now have two cells 
inside the embryo sac capable of dividing and producing new 
tissue. They both do so. But, in order to carry on, they must 
have nourishment. They obtain this by absorbing the tissue of 
the surrounding nucellus. As the fertilised egg divides and 
divides, producing new tissue, the tissue gradually assumes the 
shape of a young embryonic plant. It has a young shoot called 
the plumule and a young root called the radicle. 

But, why is the other cell, the endosperm cell, dividing? 
This is producing new tissue upon which the young plant may 
'feed later on. This tissue is called endosperm. 

While all this is going on, the nucellus is being used up, until 
it finally disappears. The result is, in the end, there is no 
nucellus left, and the embryo together with its food supply, the 
endosperm, is left alone in the ovule, surrounded by the integu- 
ments. The integuments themselves usually become hardened, 
so that all that is left now is a young, undeveloped plant or 
embryo and its food reserve or endosperm, surrounded by a hard 
coat which is now called the testa. This complete structure, 
which is clearly formed from the ovule after fertilisation, is now 
called the seed. 
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When the young embryo is fully developed within the .seed, 
the seed may be sown in the ground. In order fully to develop, 
sometimes the embryo uses up all the endosperm made for its 
benefit. In this case, the ripe seed contains no endosperm. 
Such a seed is said to be non-endospermous or exalbuminous. 
This is so in the case of the bean, pea, and apple, etc. 



CASTOR OIL (ALBUMINOUS) APPLE, (BXALBUMINOUS) 

Fig. 257. Longitudinal Section through Castob Oil and 
Apple Seeds. 


(Fig. 257). In many other cases, however, the embryo does not 
use up all the endosperm, so that the ripe seed contains not only 
the embryo but also a certain amount of endosperm. Thus the 
young plant still has more food to start with, after the seed is 
sown, than the young plant which develops from an exalbu- 
minous seed has. Such a seed is said to be endospermous or 
albuminous. There are many examples of this type, such as the 
coco-nut, wheat, castor oil, etc. (Fig. 257). The chemical nature 
of endosperm varies with the species of plant. 



THE FLOWER 


407 


The Fruit 

i\.ll the time that the ovules are developing into seeds the 
carpellary or ovary wall is getting stronger and stronger, so that 
when the seeds are ripe, the ovary wall is strong enough to con- 
tain them. Sometimes the ovary wall develops into a thick and 
hard, or a thick and fleshy, tissue (Chap. XIX.). 

The whole ovary, vith its developed wall, containing the seeds 
inside, now forms what is called the fruit. The number of seeds 
in any one fruit depends not only upon the number of ovules 
originally in the ovary, but also upon the number of ovules that 



ovary conuinfng ovules 



Fig. 258. Ovary and Fruit of the Pea. 



have actually been fertilised. In the carpel of the buttercup 
there is one ovule, therefore there is one seed in its fruit. In the 
ovary of the pea, there are about eight ovules ; therefore, as is 
well known, in the fruit, which forms a pod, there are as many 
seeds, unless some have not been fertilised (Fig. 258). 

Naturally a large number of pollen grains get on the stigma, 
and they all begin to develop pollen tubes ; but only the number 
of tubes corresponding to the number of ovules succeed in pene- 
trating micropyles. 

It is very helpful, in order to understand this important, but 
difficult, process of fertilisation, to name the various parts of the 
ovary concerned, and see what they all form after fertilisation. 
After fertilisation, the egg becomes the young embryonic plant ; 
the endosperm nucleus forms the endosperm or food reserve, 
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unless it is all used up in the development of the embryo ; the 
nuceilus disappears ; the integuments form the testa ; and the 
micropyle of the ovule remains as a micropyle in the testa of the 
seed. It can be proved that seeds have a iniGropyle by soaking 
them— for example, bean seeds — in water for about twenty-four 
hours. Then take one out and squeeze it, and the water will be 
seen to ooze out of the micropyle. All these structures of the 
ovule together form the seed. The ovary wall becomes the fruit 
wall, which is called the pericarp, and the whole ovary, which 
contains all these structures, becomes the fruit. 

While the fruit is forming, the rest of the floral organs, that is, 
stamens, petals, and sepals, die away, since they are no longer 
required. In some cases, however, certain organs persist, 
usually the sepals. Two examples of such exceptions are very 
familiar. In the garden pea, the fruit is a pod. The long keel- 
shaped structure forms the pericarp, which, before fertilisation, 
formed the ovary wall. Inside are the seeds. But, at the base of 
the pod, the five sepals are seen still to persist even in the ripest 
of fruits. In the tomato, the ovary wall, after fertilisation, 
develops into a bright red fleshy pericarp enclosing the seeds ; 
but again the sepals persist at the base of this pericarp. 

PRACTICAL WORK 
(See also Appendix I) 

In the study of flowers and their structure, it is important to 
note that, since plant classification depends to such a great extent 
upon floral structure, field work is practically essential here. 

Flowers should be gathered during walks or botanical excursions, 
and detailed notes of their habit and habitat should be made. The 
actual study of the flowers can then be made at home or in the 
laboratory. It is recommended that a herbarium be started at 
this stage. 

1 . Examine the inflorescence of the buttercup . N ote how simple 
it is. Compare this inflorescence with that of the cowslip. Note 
that in this case, each flower is borne on a short stalk (pedicel), each 
of which are joined to a main flower-stalk (peduncle). Make 
drawings of these inflorescences. 

2. Collect a large number of plants, with varying types of in- 
florescences. Make detailed, labelled drawings of these, and group 
them according to the type of inflorescence they represent. 

The chief types of inflorescence to be examined are : spike, 
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raceme, panicle, corymb, umbel, compound umbel, capituliim, 
ittonocliasial cyme and diclmsial cyme. 

\Wien examining these inflorescences, note especially the 
peduncle, pedicels, and bracts, and their relative positions; do 
not, at this stage, spend too much time on the details of floral 
structure.' 

From the specimens examined and drawings made, describe the 
various types of inflorescences in flowering plants. 

3. Make a detailed examination of a relatively simple flower, for 
example, the buttercup. 

The structure of the flower is best appreciated by making careful 
drawings as directed. The drawings should be large and in suL 
ficient detail to show the shape and structure of the various 
organs and their relation to each other. 

First make a drawing of the complete flower, noting especially 
the number, arrangement, shape and colour of each set of organs, 
namely, sepals, petals, stamens and carpels. Then dissect the 
flower and make enlarged drawings of a specimen of each organ. 
Note that the sepal is pale green, boat-shaped, and covered on the 
outside with hairs. The petals are yellow, larger than the sepals, 
heart-shaped, and each bears a nectary at its base. Each stamen is 
divided into two main portions, the filament and the anther-head ; 
whereas the carpels are free and each is composed of an ovary, a 
style and a stigma. 

Half a flower should then be drawn. This show^s the relative 
positions of the various organs of each wdiorl as they are set upon 
the receptacle. This should be followed by a true longitudinal 
section, which indicates only those organs through which tho 
scalpel passes when cutting the flownr longitudinally. 

A floral diagram should then be drawn, and the whole study com- 
pleted wuth a floral formula. In these drawings, colours may be 
used, especially in the case of the true longitudinal section and the 
floral diagram. Hownver, it must be realised that, wherever pos- 
sible, on© should avoid using coloiirs, since this usually involves 
sketchy diagrams unless meticulous care is taken, and much 
necessary detail is lost. 

4. If possible, examine prepared microscope slides of an anther- 
head in transverse section, and an ovule in transverse and longi- 
tudinal sections. Note especially the pollen in the former and tho 
embryo sac containing the egg cell in the latter. 

5. Study the diversity of floral structure among flowering plants. 
Almost any number of types may be chosen, and each of these 
should then be thoroughly examined, drawm and described as in 
the case of the buttercup. Points of comparison and contrast 
should especially be emphasised. 

Where time is very limited, good examples to choose wuiild be : 
buttercup, wallflower, pea, bluebell and primrose. 

Flowers showing various adaptations for pollination should also 
be examined- 
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FRUIT AND FRUIT CULTIVATION 

The fruit is the complete structure formed by the ovary after 
the fertilisation has taken place. It contains the seeds, each one 
of which is the result of development of an ovule after fertilisation. 

The fruits of flowering plants assume various forms, many of 
which are familiar, since they form articles of diet. In some 
eases, seeds are distributed naked, but more often they are shed 
from the fruit. In this case, it is the fruit which is distri- 
buted and carries the seed with it. Many fruits are modified 
in structure in order to enable them to be distributed by some 
means or other. In some cases, owing to the special structure of 
the fruit, the seeds become distributed or disseminated over 
miles of country. The best way to examine this is first of all to 
study the various types of fruit, and then see how some types 
are adapted for dispersal. 

All fruits can be divided into two general groups, dry, and 
fleshy or succulent. 

Dry fruits can again be subdivided into two other groups, 
according to whether they are capable of opening by some 
mechanism or another, in order to allow the seeds to escape, or 
not. Those fruits which are capable of opening mechanically are 
said to dehisce, and are therefore described as being dehiscent. 
Those fruits which are incapable of opening, to allow the escape 
of seeds, are indehiscent. 

Dry, Indehfscent Fruits ^ ^ 

The indehiscent fruits are the simplest types, and one of the 
simplest types of all is that of the buttercup. Here, each car- 
pel forms a separate fruit, since the carpels are all separate. 
After fertilisation, the carpellary wall undergoes no special 
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change, so that the fruit is simply a single seed siirroimded b}" 
the carpellary wall, which, after fertilisation, undergoes no change 
other than that of hardening, in order to protect the young seed 
inside. This type of fruit is called an achene, and it is incapable 
of opening of its own accord to allow the seed inside to 
escape. When it is necessary that the seed be sown in the soil 
therefore, the whole fruit has to be sown, and before the young 
embryo can begin to develop, the fruit wall, or pericarp, has to 
rot away. Other examples 
of achenes are seen in the 
anemone and the rose. In 
the latter, the achenes are en- 
closed in the red receptacle, mmlf ^‘W 

Achenes are_, all flattened, | 

dry, tough structures and // 

are invariably formed from 

single, free carpels (Fig, 259). |K. 'f 

Ovaries which are formed it : f 

; from several carpels j oined to- ^ 'J 

gether never form achenes. ^ 

The flowers of the butter- ■ Rose. 

cup and the strawberry plant ^ On the right, a iongitudmal see- 

are very similar in structure. shounng a fleshj% hollow axis 
^ . • j £ -x hearing the achenes (/f.) 

Both contain an indefinite . ^ I , n 

(Afkr Duchartre.) 

number of free carpels, which 

are very similar in shape and size. We should naturally, 
therefore, expect the fruit of the two plants to be similar ; 
yet, on casual observation, they seem very different. The 
buttercup flower, after fertilisation, leaves a collection of 
fruit in the form of dry achenes, on a slightly swollen receptacle. 
What is usually referred to as the strawberry ' fruit,’ on the other 
hand, is a large, red, swollen, juicy structure bearing what 
appear to be seeds on its surface, Now, actually, the fruit of the 
strawberry is very similar to that of the buttercup ; and this is 
so, because what is usually referred to as the ‘ fruit ’ of the straw- 
berry is not the fruit at all. This is just one of several cases 
w^here the fruiterer is wrong when he calls a strawberry a fruit. 
It is neither af rnit nor is it a berry. Another example of such a 
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mistake in everyday nomenclature is rhubarb {Rheum, officinale) 
as used in cooking, which is usually classed as fruit, whereas we 
already know that this is not the case. It is the petiole of the 
leaf ; and therefore a vegetative structure. 

The structure of the strawberry can easily be deduced from 
that of the buttercup. Imagine the receptacle of the fertilised 
buttercup swelling to a size about a hundred times that of 
the normal one. Then imagine it to become red and juicy, 
and we should then have a large, red, 
juicy receptacle with the achenes on 
its surface. That is exactly what we 
have in the case of the strawberry. The 
so-called ^ fruit’ is really a very much 

swollen receptacle, and the so-called 

' seeds ’ are really fruits in the form of 
very small achenes. Thus, the familiar 
red strawberry is really a swollen re- 
ceptacle bearing many fruits on its 
surface (Fig. 260). 

The strawberry is cultivated for its 
luscious, so-called ' fruit ’ in many parts 
of the world. The cultivated plant is a 
variety of the wild strawberry {Fragaria vesca), common in 
hedgerows and on sunny banks. 

The strawberry plants require a good, well-manured soil with, 
in Great Britain, a southern aspect, for the ripening ‘ fruits ’ re- 
quire warmth and light. Plants are seldom reproduced from 
seeds in cultivation. Runners, the vegetative means of repro- 
duction described in Chap. IV, are more frequently utilised. 
The runners are usually pegged to the soil at the nodes, thus 
ensuring the development of the necessary adventitious roots. 
Often, the runner is led to a pot, and pegged to the soil in the 
pot. When the young plant has established itself, the runner is 
severed, and the new young plant allowed to develop in a green- 
house. The nanie * strawberry ’ was given to this plant because, 
after the flowers have opened, the plants are surrounded with 
straw so that the ^ fruit ’ shall not become contaminated by 
contact with the soil, and also to reduce the ravaging effects of 


Fig. 260 . Succulent 
Beceptagle op the 

STliAWBERRY, BEABING 

MANY Fruits (Achenes). 
(After Figuier.) 
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slugs and snails. The use of straw is not so widesj>read nowadays^ 
for the ‘ berries ’ usually ripen too quickly to warrant it. 

The variety of strawberry favoured in Great Britain is called 
Royal Sovereign. It gives a large, luscious ‘ fruit,’ Strawberry 
cultivation is more common in the south of England than the 
north, since the ripening fruit needs plenty of warm sunshine 
(Fig. 261). Nevertheless, in certain parts of Scotland, especialiy 
the Clyde valley, strawberry cultivation is a thriving industry, 


Fig. 261. In a STRAWBEHEy Field. 

(Photo. A. H. Pastin.) 

supplying the raw materials for the famous jam-making industry 
of Paisley. About 90 per cent, of the total strawberries consumed 
in Great Britain are grown in her own strawberry fields. In the 
south, the main regions of cultivation are around King’s Lynn 
and Spalding in Kent and around Botley, Fareham and Swan- 
wick in Hampshire, Kent usually produces a greater yield than 
Hampshire. About 800,000 cwt. of strawberries are consumed 
in Great Britain every year. 

The strawberry is attacked by several forms of disease. 
The chief are the eel-worm disease, caused by an animal 
which attacks the plant through the roots, and certain fungal 
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diseases which attack it through 
the leaves. Research on the prot 
. lems of strawberry diseases is goiiig 

on at the Long Ashton Eruit Re- 
|| search Station, Bristol, and there 

ii| is also a special strawberry experi- 
J mental station at Botley in Hamp- 

^ shire. 

The strawberry ' fruit ’ is com- 
posed of about 90 per cent., by 
weight, of water. Its chief food 
value lies in its iron content, which helps in the production of 
healthy blood, and its vitamin C content. 


Fig. 262. Flower and Fruit 
(Samara) of the Ash. 


Fig. 263. Ash Twigs in Autumn, with Winged Fruit. 
{Photo. B.enry Irving.) 

Closely related to the achene is the fruit caUed the samara. 
I this case, also, there is only one seed enclosed, since each fruit 
formed from one cai'pel containing one ovule. The difference 
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between the achene and the samara is that, whereas the pericarp 
of the former is formed from the carpellary wall unchanged 
except that it becomes hardened, in the latter the carpellary 
wall becomes not only hardened, 
blit also extended at the top 
into a long, flattened, wing-like 



structure (Fig. 262). A good 
example of a samara is seen 
in the fruit of the ash (Fma;- 
inm excelsior ) , which haiigs from 
the tree in large bunches, after 
fertilisation (Fig. 263). The 

reason for the extension of the pericarp into a wing will be 
examined later. The fruit of the sycamore (Acer peeiido- 
platanus) is also a samara, but in this case very often tw^o 


Fig. 264. Two Sycamore Fruits, 

EACH CONSISTING OF TWO SAMARAS. 



Fig. 265. One Sycamore Samara cut in Section. 
A'.c„ seed coat, represented by dotted line ; f.w.y pericarp ; 
hy lining of hair; J?, radicle; pL, plumule ; cot. 1, cot. 2, 
cotyledons. 


and sometimes three samaras fuse slightly at their swollen 
bases (Figs. 264 and 265). 

Another type of fruit closely related to the achene is the nut. 
In this case, normally there is only one seed present, thus showing 
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that the ovary was originally formed from one carpel. The 
]iericarp becomes very hard and woody. The term ' nut ’ is 
often popularly applied to other types of fruit, such as the coco- 
nut and walnut, which are not true nuts at all, as will be seen 
later. A good example of a true nut is the hazel (Cori/llus 
'\(weUamja?i, The shell is the hardened pericarp, and the kernel 
is the seed. The carpel contains two ovules, but usually only 
one of these develops into a seed, thus giving one kernel ; but 
sometimes both ovules are fertilised and then we get a nut with 
nut kernels. The nut is situated in 

a large, green, leafy cup called a 
cupule, which is formed from bracts 
which persist after fertilisation (Fig. 
■■"^ 266 ). 

The hazel plant is normally a tree, 
but very often in Great Britain it is 
coppiced to form copses and hedges. 
The hazel nut is seldom cultivated 
since it grows in such profusion all 
over the country. There is a variety, 
however, called the filbert, which is 
a cultivated variety, bearing nuts which are longer and larger. 
It is cultivated in various parts of the south of England, CvSpeci- 
ally Kent. The plants are usually propagated by suckers, layering 
and grafting. Several other varieties of the hazel are cultivated 
in the United States. The hazel nut is used as a food, chiefly for 
the oils it contains. Many other true nuts, and other fruit 
erroneously classified as nuts, are used for the same purpose. 
Also, in many cases, the oils are extracted for commercial 
purposes, as was seen in Chap. VI. 

The schizocarp is an interesting type of indehiscent fruit in 
that it is formed from two or more carpels, and, when fully ripe, 
it splits into, portions, each portion containing one seed. For 
example, the schizocarp of the mallow (Malva) and hollyhock is 
a round, bun-shaped structure ; when ripe, it splits into its one- 
seeded segments in a manner similar to the manner in which an 
ordinary round cake is cut; 

The geranium shows an even more curious type of schizocarp. 


Fig. 266 . Fruit of the 
Hazel (Nut). 
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Here, the ovary is composed of five, joined carpels. The style is 
long and tapering, and even when the fruit is ripe, the style per- 
sists as a tall spike (Fig. 267a). Finally, the fruit splits at the base 
into its five one-sided portions. The central portion of the per- 
sistent style remains rigid, but the outer tissues of the st 3 de also 
split from top to bottom into five portions, each portion being 
joined at the base to one of the one-seeded portions of the fruit. 
When splitting is complete, each ribbon-like portion of the 



Fig. 267. Field Geranium. 


style begins to tear away from the central rigid portion, from the 
bottom upwards, carrying one of the seed-containing portions 
with it (Fig. 267 b). 

Dry, Dehiscent Fruits 

One of the simjilest kind of dehiscent, or splitting fruit is that 
called the follicle. Examples of the follicle are seen in the marsh 
marigold (Calthapalustris), monkshood (Aconitum) (Fig. 268) and 
larkspur {Delphinium). Each follicle is formed from a single, 
free carpel, containing several ovules. After fertilisation and the 
complete ripening of the seeds, the fruit or follicle splits along the 
inner margin, that is the margin which bears the seeds, sometimes 
called the ventral suture as distinguished from the outer margin 
or dorsal suture. The split goes the whole length of the follicle, 
and thus the seeds are exposed to the air, ready for distribution. 

0 ■ ' B.E.B. 
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Fia. 268. Fruit of Monks- 
hood (Follicles), before and 
AFTER Dehiscence. 


The legume, another dehiscent fruit, differs from the follicle 
in that it splits along both the inside margin (ventral suture) and 
the outside margin (dorsal suture), and the two halves of the 

pericarp move apart, thus com- 
pletely exposing the ripe seeds. 
The legume, or pod, as it is some- 
times called, is typical of peas, 
beans, vetches, etc. (Fig. 269). 

Members of the wallfiower 
family illustrate a curious fruit 
structure, owing to the presence 
in the ovary of an exceptional 
tissue. The ovary is formed by 
the fusion, along their margins, 
of two carpels, as in the gooseberry ; but, as distinguished from 
the latter, between the two fused carpels a wall of tissue is 
formed, called the false septum. This septum persists in the 
ripened fruit, in which we have, therefore, two cavities, instead 
of one, separated from each other by the false septtim. In the 
wallflower, when the fruit is ripe, the 
two parts of the pericarp, each corre- 
sponding to one carpellary wall, separate 
from the false septum, from the bottom 
upwards, leaving the seeds fixed to the 
exposed false septum. In a closely re- 
lated plant, the shepherd’s purse, the 
fruit is similar, except that whereas in 
the wallflower the fruit is long and flat, 
in the shepherd’s purse it is heart-shaped ; 
also, when the fruit is ripe, the two 
halves of the pericarp separate from the false septum down- 
wards. Very similar to the wallflower fruit is that of honesty 
(Lunaria biennis) except that the fruit is flat and oval, with the 
result that the exposed false septum is large, oval, and like tissue 
paper. All these types of fruit are classed as siliquas (Fig. 270). 

The type of dehiscent fruit which shows the greater number of 
variations is that called the capsule. It is impossible to con- 
sider all these variations (Fig, 271) ; but two good examples are 



Fig. 269. Fruit of Pea 
(Legume) dehisced. 
(After Lord Avebury.) 





Fig. 271 . Various Types op Carsules. 

A, B, pansy, before and after dehiseence ; C, snap- 
dragon ; B, B, scarlet pimpernel, before and after 
dehiscence. 

(After Strasburffer.) 
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seen in the poppy (Pa^a/ver) and the plantain. In the latter, the 
capsule is cone-shaped, which, when the seeds are ripe, opens by 
a transverse split. In the poppy, however, the capsule is of a 
very unique form (Fig. 272). It is formed from an indefinite 
number of joined carpels. The placenta- 
tion is parietal, but the longitudinal parts 
of the ovary wall, where the carpellary 
margins fuse (placenta), project some dis- 
tance into the common ovary cavity. The 
complete capsule is shaped like an inverted 
cone, with ridges down the outside marking 
the lines of fusion of the carpellary margins. 
Ridges also radiate at the top from the 
centre outwards. The top part of the ovary 
projects slightly beyond the edge, some- 
what like the eaves of a roof. On the side 
of the capsule, just beneath this projection, 
a series of perforations is seen, which form 
complete holes in the ovary wall. There is one hole for each fused 
carpel. Tlie reason for the perforations will be examined later on. 

Succulent Fruits 

One of the simplest types of fleshy or succulent fruits is the 
berry. In this fruit, the whole pericarp becomes thick and flcvshy . 
This fleshy pericarp is composed sometimes of more than one 
layer ; but all of them are formed from masses of thin-walled 
tissue, all the cells of which usually contain plenty of food 
materials, especially sugar or starch. 

The Tomato 

The tomato is an example of a berry. This fruit is formed by 
the simple fusion of two carpels. When ripe, the pericarp be- 
comes very thick and juicy, and a viscous fluid is also secreted 
into the ovary cavities. The pericarp itself is usually divided 
into a thick, pale red mass of tissue, and an outer, thinner, but 
tougher, deep red tissue, the skin. 

This berry is the source of much food material and vitamins. 
For ripening, the fruit requires plenty of sunshine ; therefore, in 
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Great Britain, the plant is not a very great success when culti- 
vated outdoors ; but, in the greenhouse, the necessary warmth 
is supplied (Fig. 273). 

The tomato is really native to South America. It was brought 
to Europe at first by the Spaniards, when, for a long time, it was 
called the ' love apple.’ As a vegetable, it has only been popular 


Fig. 273. 


Tomatoes under Cultivation. 
{Photo. Sutton Sons.) 


ill Great Britain for about seventy years. Now, as the result 
of cultivation, there are about lt50 varieties of this plant. It 
is a popular plant in market-gardening in the British Empire, 
the Continent and the United States, 

The canning of tomatoes is gradually becoming a thriving 
industry. In Great Britain, the most extensive areas of tomato^ 
cultivation are in the Lea Valley, around Worthing in Sussex^ 
and in the Channel Islands. 

The plant is subject to several diseases, the chief ones being 
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caused either by a fungal parasite or a virus 
the leaves and the fruit. 


which attacks chiefly 


The Grape 

The fruit of the gTSu^e (Vitis vinifera) is also a berry. It is 
formed by two joined carpels and the pericarp becomes fleshy. 
There are two forms of grape used as dessert : the black and the 
green. As has already been seen, this plant vine is cultivated 
also for the purpose of wine, champagne and vinegar making. In 


Fig. 274 . Fruits of the Grape (Berry). 
iPhoto. A. M. Bastiii.) 

Great Britain, it is usually grown in greenhouses owing to the 
high temperature required for the good development of the fruit. 
(Fig. 274) . One of the largest grape vines in Great Britain is the 
famous vine at Hampton Court Palace. In the very south of 
England, especially in Devonshire and Cornwall, the plant some- 
times ripens satisfactorily in the open air. 

The so-called currants which are supplied by the grocer in the 
dried condition, and used in the making of cakes and puddings are 
not in any way to be confused with the black, red and white 
currants which are cultivated in gardens and fields in Great 
Britain. Each type belongs to a totally different family of plants. 
The dned currant is related to other familiar dried fruits, such 
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as the raisin, sultana and muscatel. All these are berries, and the 
plants are closely related to the grape vine. 

Dried currants, raisins, etc., are actually dried forms of grapes. 
They are the fruit of smaller vine plants which are cultivated for 
the purpose to a very large extent in the Ionian Islands and on 
the mainland shores of the eastern Mediterranean. They are also 
cultivated in California in the United States. These small vines 
are cultivated on the lower slopes of the hills, facing the sun, for 
they require a higher temperature than the ordinary grape vine 
does. The latter is often cultivated in the same districts, but 
further up the slopes of the hills . An interesting operation in con- 
nexion with the cultivation of these small vines is that of ringing. 
In this process, small incisions right round 
the stem are made some distance down the 
shoot. The incisions go deeply enough to 
allow the bark, phloem and cambium to be 
removed. This is done just as flowering is 
commencing; and by removing a ring of 
phloem in this way, the route for the tran- 
sport of foods is blocked (see Chap. XII). 

Thus, the foods remain in the upper parts of 
the shoots, and give plentiful supply to the 
developing berries. 

The Currant 

The true currants (Eibes) as cultivated in 

Great Britain are the fruits of small deciduous 

shrubs (Fig. 275). They, also, are berries. ^ 

' ' '' Fig 275 Fruits 

There are three types, black, white and red. of thu Currant 

Ail three types are used chiefly in making 

puddings, tarts, jams, and other confections. WterFmier.) 
Currant bushes are the subject of many important diseases. 
Some are fungal, but the most important ones are due to insect 
parasites, the majority of which attack the unopened buds. 

The Banana 

The banana is also a berry (Musa sapientum). The plant, 
although it looks like a short tree, is really a herb. The stem is 
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an iinciergrouEcl rhizome, and what looks like the aerial stem is 
nothing but the petioles of the gigantic leaves, sheathing around 
each other. The leaves are some of the largest known in 
Nature. The flowers are borne in long, pendulous inflorescences. 
They are unisexual, the female flowers being at the base of the 



Fig. 276 . Banana in Fbuit. 

(From the Collection, Hoyal Botanic Gardens, Kew, by permission of 
the Director.) 

peduncle, that is, nearest the ‘ stem/ and the male flowers nearer 
the tip of the peduncle. After fertilisation, the female flowers 
develop the well-known berries, which are formed from three 
joined carpels. The bunches of bananas, actually the inflores- 
cence after fertilisation, as we see them in the fruiterer’s shop, 
are usually hung upside down, for the berries in Nature grow 
upright (Fig. 276). More than 200 different forms of banana 
are cultivated. 
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Citrus Fruit ' ^ . ;i: 

Oranges {Gitnis A iirantkm) , lemons {Citrus Medim) , and grape- i ! 

fruit {(Jitnis demmana) are ail closely related plants and their ; ij 

fruits are all berries. If any one of these fruits be cut in trans- || 

verse section, the}^- will be seen to be composed of six or more 
fused carpels, and, judging from the position of the seeds, the 
plaeentation of the ovary is axile. The pericarp Is divided into / 



a tough outer skin, which contains many oil glands, and a very 
heshy inner portion. All these plants are tropical. Their culti- 
vation forms a great industry since so many fruits are exported. 
The fruits are cultivated chiefly in California, the West Indies, 
Brazil, Palestine, along the Mediterranean coast, etc. (Fig. 277). 
Oranges are used chiefly as dessert, and in making marmalade 
and certain ' soft ’ drinks. Lemons are used in cooking, and 
marmalade and lemonade-making. The grape-fruit is now be- 
coming more popular in Great Britain. All three of these fruits 
are of great importance, not only for their food value, but also 
for their high vitamin content (see Chap. XVII). 
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The cucumber {Cucumis sativus) mid ms^n^ow [Cucurbita Fepo) 
form fruit very similar to the berry, but in this case the fruit 
is formed from an ovary of three joined carpels, which is inferior. 

It is therefore called a pepo. 

The Plum, Cherry and Date 
Of great commercial importance are many types of the fruit 
called the drupe. Examples of the drupe are plum, cherry, date 
{Phoenix dactylifera), peach (Prunus Persica), and three others, 
commercially called nuts, though botanically they are not : the 
coco-nut {Cocos nucifera) , walnut (Juglans 
regia) and almond {Primus Amy gdalus). 

In the drupe, the fruit is formed from 
either one carpel or from three joined 
carpels . Whereas in the berry the whole 
pericarp becomes swollen and fleshy, in 
the case of the drupe the "pencarp 
and becomes divided into several distinct 
layers. Not all these layers are fleshy, . 
and in some cases, for example, the coco- 
nut, none of them is. The layers into 
which the pericarp of the drupe becomes 
divided are usually three in number : an 
outer one called the epicarp, an inner one called the endocarp and 
a layer between these two called the mesocarp. 

In the plum and cherry, the fruit is formed from one carpel 
(Fig. 278). The kernel inside the stone is actually the seed. It 
is surrounded by a thin papery testa. The epicarp is the tough 
skin. The mesocarp is the thick, fleshy edible portion, and the 
endocarp is lignified into a woody structure called the stone. 

Plum and cherry cultivation are important industries all over 
the world. The fruit is used as dessert and in puddings, tarts and j 
j ams . The canning and bottling of both fruits are becoming very ^ 

important industries. These industries are just beginning to 
develop in Great Britain, although in foreign countries they have 
been established for some time past. In Great Britain, plum 
trees are usually cultivated in orchards. The largest areas for 
cultivation of these fruits are in the west Midlands, Worcestershire 



Fig. 278 . Fruit or 
Cherry (Drupe) cut 
IX Section. 

(After Figuur.) 


I 


FRUIT AND FRUIT CULTIVATION 


427 


and Gloncestershire. The season for the ripe fruit extends from 
the beginning of August to the end of September. Before the 
British season commences, many plums are imported from Spain, 
France and Belgium. 

Plum trees are the subject of many diseases, mainly caused by 
insect pests. The fruit grower is constantly waging a war against 
such pests, chiefly by spraying the trees with Bordeaux mixture, 
or lime and sulphur mixtures, when in leaf, or liming the trunks 
during the winter, to prevent insect larvae from climbing them, 
and thus getting at the leaves and buds upon which they feed. 

Planting a fresh orchard is seldom done by means of plum 
seeds. The usual method of reproduction is the artificial vegeta- 
tive one of grafting. Cherries are cultivated extensively in Kent. 
It is interesting to note that, whereas plums are usually culti- 
vated on open soil, cherries are usually grown in grass orchards. 
Into these orchards sheep are often put to graze, with the result 
that the soil is richly manured. This is done to a great extent 
in Kent, resulting in a considerable improvement of the fruit. 

Dates, apricots and peaches are tropical forms of drupes. 
They are cultivated extensively for their food value and shipped 
abroad. The date and the apricot are used very often as fresh 
dessert. The peach is, too, but, owing to its high cost of produc- 
tion, it is an expensive form of dessert. The fleshy mesocarps 
and endocarps of apricots and peaches are canned, and more 
often reach the housewife in this form. The canning of this fruit 
is a very extensive industry in the countries where the plants are 
grown, such as Australia, South Africa and the United States, 

The Walnut 

The walnut is not so familiar as a drupe, yet, if it is seen grow- 
ing, there is no doubting its being one, for the walnut familiar as 
a ‘ nut ’ is only part of the fruit, that is, the seed, enclosed in the 
woody endocarp. The mesocarp is very fleshy and green, and is 
surrounded by a thin epicarp. The fruit is formed from two 
fused carpels in one cavity. As it ripens, the two large seed- 
leaves or cotyledons, which form the mass of the kernel, become 
divided by a thin partition, and sometimes even subdivided by 
partial cross partitions. Towards the end of June, that is, long 
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before the fruit is ripe, it is often collected and pickled. This is 
only possible, of course, before the woody endocarp is formed. 
If the drupe can be pierced easily by a needle, then it is not too 
ripe for pickling. 

The kernel of the ripe nut contains about 18 per cent protein, 
16 per cent carbohydrate and a very high percentage of fat. It 
therefore has a very high food value. The oil is extracted, 
especially in France, for the manufacture of paints. 

The walnut was cultivated before the time of Christ in China, 
and during the Middle Ages it was a great asset to farmers in 
Europe. In Germany and France to-day, the trees are culti- 
vated in orchards, and in Czechoslovakia they are grown along 
the highways and are the property of the village communities. 

To-day many walnuts come from China, and the south of 
Europe, especially Rumania, Italy, France and Spain. In the 
United States, especially California, the cultivation of the walnut 
is a quickly developing industry. In Great Britain, walnut culti- 
vation is not so extensive because the variety of walnuts which 
will grow are not very satisfactory. However, the Ministry of 
Agriculture and the East Mailing Research Station in Kent are 
bUwsy at present trying to obtain better varieties. 

The Almond 

The almond is another example of a drupe, though the portion 
used for food, either raw, salted, or in cake-making, is only the 
seed. The actual drupe is composed of a pericarp divided into 
two layers : an outer downy layer, the mesocarp, and an inner 
reticulated, stony shell. Sometimes this stony shell remains 
surrounding the seed when the almond is sold, especially with 
' mixed nuts ’ at Christmas time. 

The almond is a native of western Asia and northern Africa. 
It has been known for many hundreds of years, and is mentioned 
in the Bible. The rod of Aaron was a branch of almond, and 
even to-day the Jews carry rods of almond in their synagogues 
on certain of their religious festivals. There are two types of 
almond : the sweet, which is produced from the pink-flowered 
almond plant, and the bitter, which is produced from the white- 
flowered plant. The latter owes its bitterness to the presence of 
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the cyanogenetic glycoside, amygdalin. Almond seeds contain 
about 50 per cent oil, and are therefore valuable as a food supply. 
Almonds are cultivated in various parts of the world, including 
CMna, Japan and western Asia, but by far the greatest of the 
workTs supply comes from California. 


The Coco-nut 

One of the most important drupes, from^the commercial point 
of view, is that of the coco-nut. These drupes are the fruits of the 


Fig, 279. Coco-nut Palms. 
{Photo, GHehrist,) 


coco-nut palm (Figs. 279 and 280). This is a beautiful tree, 
attaining a height of 60 to 100 feet. The trunk is bare of leaves, 
but it terminates in a crown of most beautiful, large leaves, which 
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are divided into many leaflets. This tree is very widely distri- 
buted in tropical countries, sometimes being so dense as to 
the scenery for miles around. It prefers to live, how- 
near the seashore. Coco-nut palms are the dominant plants 
parts of India and especially Ceylon, Africa, the 

East Indies, West Indies, 
tropical America, and the 
Pacific Islands, especially 
the Hawaiian group. 

The drupe itself is com- 
posed of a very large peri- 
carp, formed by the fusion 
of three carpels, but only 
one of the ovules usually 
develops into the seed.- 
The pericarp is roughly 
triangular in cross-section, 
and is 15 to 20 inches in 
length (Fig. 281). It is 
divided into three layers : 
an outer, thin, tough layer 
(epicarp), a thicker, very 
woody endocarp, and a 
very thick, fibrous meso- 
carp between. Inside the 
pericarp is the seed. This 
is composed of a very thin 

testa, lined by a thick 
layer of white endosperm 
(the edible portion of the 
' nut ') and, at the base, a 
very small embryo. The endosperm, as is well known, does not 
completely fill up the seed, but encloses a large cavity, in 
which there is a fluid called coco-nut milk. The whole coco- 
nut fruit is seldom seen in shops. What is usually sold is the 
seed surrounded by the innermost layer of the pericarp, the 
endocarp, which is woody. Sometimes a little of the mesocarp 
is left at one end as a fibrous tuft. 


CULTIVATED CoCO-NUT PaLM. 
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Hearly the whole of the coco-nut plant is commerciany useful ; 
it is therefore a very valuable plant (Fig. 282). In some parts 
the natives depend on it for almost everything. This is especi- 
ally so in Ceylon, where it is estimated that more than 20,000,000 
palms are flourishing. 

The endosperm of the coco-nut supplies a good type of food 
and the " milk ’ is a very refreshing drink, especially from unripe 
fruit. The juice of the unexpanded flowers is sometimes dis- 



Fia. 281. Longitudinal Section through a Coco-nut 
I^RUIT (Drupe). 

tilled by the natives to make a form of alcoholic drink called 
' toddy Even the young leaf -bud at the very top of the tree is 
used as a vegetable, and is sometimes called ' palm cabbage h 
The trunk is used as a timber in building and furniture-making, 
and the leaves are plaited and made into mats, and also for 
making roofs for the native huts. The shell (endocarp) of the 
fruit is used for making drinking and other utensils, and the 
fibrous mesocarp is used in making mats, ropes and string. 

The fruit of the coco-nut also supplies several products which 
are exported to other countries. The most important is the 
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JbiiG. 282, Coco-nut Rafts at Pagsanjan. 
{Photo. Bureau of SciencCy Manila.) 


coco-nut oil obtained from the endosperm. This is used in the 
manufacture of candles, soap, margarine and certain types of 
brilliantine. The endosperm is extracted from the fruit and 
cut into small pieces and then dried in the sun. This dried 
product is called copra and forms a valuable export from 
the tropical countries where the palm grows. The articles 
already mentioned are then manufactured from the copra. 


The fibrous mesocarp is also exported and used in the manu- 
facture of coco-nut mats, cheap matting for passages and 
lobbies, and brushes. The fresh nuts, exported as a food, come 
to Great Britain chiefly from the West Indies. As a food, the 
endosperm is either consumed raw or in the shredded state in 
cakes and biscuits. 

Within the last few years there has been an increase of about 
30 per cent in the world acreage under coco-nut palms, bringing 
the total in 1931 up to 7,000,000 acres. More than half this area 
is within the British Eihpire. This increase is due chiefly to the 
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great demands for copra, from which coco-nut oil is extracted 
for the soap and margarine industries. 

The Apple and Pear 

About the most extensively cultivated fruit in Great Britain is 
the apple (Pyrus Malus). This is a cultivated variety of the wild 
or crab apple. Closely allied to the apple, from the point of view" 
of the structure of its fruit, is the pear (Pyrus communis). In 
both cases, the fruit is formed not only from the fertilised ovary, 
but also from the receptacle of the flower (Fig. 283) . This very 

special type of fruit is 

called a pome. The flower 
is epigynous, and the 
ovary, which is formed 
from five fused carpels, is 
also fused to the sur- 
rounding receptacle . After 
fertilisation, this recep- 
tacle swells to form the 
fleshy part of the fruit, 
and the gynoecium be- 
comes tough, and thus forms the core which also contains the 
small brown seeds commonly called pips. 

The apple tree is cultivated solely for its fruits. These are used 
for food, either as dessert or in cooking, and the very acid 
varieties are used for the manufacture of the alcoholic drink 
known as cider. In Great Britain the tree is usually cultivated 
in orchards (Fig. 284) . The climate is a handicap to its growth in 
Scotland, yet there are extensive orchards in Perthshire. Ever 
since Norman times the greatest apple-growung areas have been 
in Somerset, Devon, Gloucestershire and Herefordshire. Abroad, 
apples are also cultivated in small orchards, especially in Euro- 
pean countries, but in warmer countries, such as the United 
States, certain parts of Canada, South Africa, Australia and the 
West Indies, the trees are grown on extensive farms. Pears are not 
so much cultivated in Great Britain, since they require a warmer 
climate. There are, however, extensive orchards of this tree in 
Middlesex, Hertfordshire, Kent, Norfolk and Worcestershire. 


Fig. 283. Flower and Fruit (Pome) 
OP Apple, the Latter in Section. 
{After Strashurger,) 
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The pear also is used chiefly as a food, but an alcoholic drink 
called perry is sometimes made from it. 

Fruit farming is a great industry throughout the British 
Empire. Many of the trees are subject to plant and animal pests 
which cause disease. The better-known methods of dealing with 
these diseases are those applied as in the case of the plum. The 
foreign pear is often canned for exporting. 


Fkj. 284. ApPLn, “Ontabio,” showing Arrangement 
OF Bush and Standard Trees in the Wisley Trial 
Orchard. 

{By courle&y of the Royal EortkvUural Society.) 


In horticultural practice, many new types are obtained by 
grafting, budding and cuttings. The Ministry of Agriculture, in 
collaboration with the Boyal Horticultural Society, has carried 
out extensive tests on the hardiness of new varieties obtained 
in these ways. The trials included apples, pears, plums, cherries, 
currants, gooseberries, raspberries, blackberries, strawberries and 
nuts. Yields have been improved, crops made more suitable for 
marketing and canning, and many have proved more resistant 
to disease. 
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The Blackberry 

A special type of frait is that found in the blackberry {Evbus 
frnficosus) and the cultivated types related to it, raspberry and 
loganberry. In all three cases, the carpels 
are indetinite and free. After fertilisation, 
each carpel forms a small dru|>e, but as 
ripening proceeds, all the drupes slightly 
fuse with each' other, ■ , The fruit is- there- 
fore said to be aggregate, being formed of 
an, aggregate of drupes (Fig.' 285), Black- " ' 

berries, rasp- 

* berries and Fig. 285. Far it of 
, . , Blackberry (AoGaE- 

i loganberries gate of Drupes). 

are all used in 

Great Britain, either as dessert or 
in making tarts and jams. The 
blackberry is a common wild shrub, 
w^hereas the shrubvs of raspberry and 
loganberry are usually cultivated. 

The last type of so-called ‘ fruit ’ 

which we shall consider is that of the 

' pine-apple {Ananas satkms). This 

is interesting because really it is not 

a fruit at all, although the fruiterer 

classifies it as such. The Spaniards, 

who explored America, gave the 

pine-apple its name because they 

thought it looked like a pine cone. 

It is actually a swollen stem, really 

a peduncle, together with the real 

, fruit. The stringy nature of the 

; ^ ‘ fruit ’ is due to the large masses of 

Fig, 28B, ‘Fruit of the , * .1. 1 11 rwi- 

xnNE- APPLE. xylem m the vascular bundles of this 

(From Pirn-apple (Mtvrer hy Stem (Fig. 286 ). The swollcii Stem 

^u^tE^Snt'amon.) is a peduncle, because it bears the 
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flowers and, in the ripened ‘ fruit/ the diamond-shaped areas of 
the surface mark the remains of the fertilised flowers. Thus the 
' fruit ’ is a mixture of swollen stem and swollen fmit all merged 
into one mass. At the top is a tuft of green foliage leaves. After 
fertilisation, the fruits themselves become fleshy and fuse with 
the fleshy stem, thus forming the barrel-shaped t fruit.’ 

The pine-apple plant is a native of tropical America, but it is 
no-w cultivated especially in the Haw’-aiian Islands and in certain 
parts of the Old World (Fig. 287) . The complete plant is a shrub, 


and bears the inflorescence which forms the fruit at the top. 
Below this inflorescence is a large number of long, green foliage 
leaves. 

Advantages of Sexual Reproduction 

There are three main reasons why, in general, reproduction, 
sexually, by means of seeds is more advantageous to a plant than 
reproduction by vegetative means. First, in the majority of 
cases, reproduction by means of seeds allows a certain length of 
time to elapse (from a few weeks to several years) between the two 
generations of plants, that is, the plants which produce the seeds 
and the plants which are produced from the seeds. In vegetative 
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reproduction the new plant can be produced only from a living 
parcuit ; whereas, in the case of reproduction by seeds, the new 
plant need not be produced until long after the parent plant has 
died. The length of time which elapses naturally depends on how 
long the seeds can last, before their embryos are allo'wed to 
develop into new plants ; and this time varies considerably in 
different seeds, as will be seen in Chap. XX. Secondly, by means 
of seeds, the offspring can be distributed far and wide, thus pre- 
venting any overcrowding of the plants. The third reason is 
probably the most important, since it is the reason why sexual 
reproduction is better than any other means of reproduction in 
both plants and animals. This reason will be considered in 
Chap. XXIV.',; , 

Dispersal of Seeds and Fruits 

Many seeds are so small that they are easily carried away, at 
any rate a short distance, from the parent plant, by even a 
slight breeze. Other plants, however, are more efficient in dis- 
tributing their offspring than that. They have, in many cases, 
developed definite mechanisms for distributing their seeds. 

Seeds are sometimes distributed as such, naked ; but very 
frequently the seeds are distributed enclosed in their fruit. 

The methods whereby seeds and fruits are dispersed may be 
grouped under four headings : animal, wind, mechanical, and 
water. 

Animal Dispersal 

Many plants disperse their seeds and fruits by means of the 
agency of animals. The succulent fruit is the simplest type. 
The fruit of the blackberry, for example, forms a delicious 
food for birds. The fleshy parts of the drupes are digested by 
the bird, but the seeds inside are so hard that they pass through 
the gut of the bird unharmed, and are then ejected with the 
excreta. In the case of the cherry drupe, the bird often carries 
it away and eats the fleshy pericarp, but the endocarp (the 
stone) is so hard that the bird ignores that part of the fruit and 
drops it. Thus the seed inside is dispersed quite unharmed. 
Birds are the only animals of any use to the semi-parasitic 
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mistletoe (Viscmn album), since its seeds must be carried to the 
branches of its host trees. In this case, the bird carries away the 
berries, and, since the berries contain a very sticky juice, the 
bird, in its attempt to remove the glutinous material from its 
beak, rubs it against the branch of a tree. In this way is the 
seed naturally sown. 

When such seeds are ready for scattering, but not before, the 
fruit, etc., usually becomes very conspicuous, in order to attract 
the useful animals ; for example, the cherry drupe is bright red 
or black, the strawberry receptacle is a bright red, etc. 


Certain fruits, instead of becoming attractive to animals in 
order to be dispersed, develop hooks in order that they may cling 



Fxg. 288 . Hooked Fruits adapted to Animal Dispersal. 

A, agrimony ; B, cleavers ; C, hounds tongue ; D, avens ; 

E, bur marigold. 

{After Le Maout.) 

to browsing animals, and thus ' steal a ride.’ These hooked 
fruits are sometimes called burs. A very familiar example, which 
is sometimes quite a nuisance to people walking in the country, is 
the goose-grass or cleavers {Galium Aparine), This plant grows 
chiefly in hedgerows. The fruit is a more or less spherical 
schizocarp, and the surface of the pericarp is covered with very 
small hooks. By means of these hooks, the ripe fruits cling to 
animals such as rabbits and cows, and they easily become 
attached to a man’s trousers if he walks through the hedgerows 
where the plant is growing. Thus the fruits are carried some 
distance before they are dropped. 

The burdock (Arctium Lappa) is another splendid example of 
this fruit-dispersal mechanism. The inflorescence of this plant is 
a capitulum. Surrounding the capitulum is a mass of bracts. 
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After the fruits are formed, these bracts,. become dry an.d hooked. 
It is easy to see bow well this fruit ■ clings, by merely ge.ntly 
tossing it against a person’s back, where it sticks. When this 
fruit becomes attached to a dog, it is almost invariably necessary 
to cut away the hair in order to remove it. In the wood avens 
(GeM'mr.wrbanum), and certain cultivated species of Gemn, the 
fruit is an achene, but the style does not die away after 
fertilisation. It remains firm, and becomes hooked at the top, 
thus forming an organ with which the fruit can cling to a passing 
animal {Fig. 288). ' V" 

Wind Dispersal 

Dispersal by wind is the cause of most remarkable develop- 
ments in certain plant fruits. As has abeady been seen, the 
samara is an achene in which the pericarp is produced into a 
long, thin, wing-like structure. This wing is for the express pur- 
pose of allowing the fruit to he propelled through the air by 
means of wind. This is well seen in the 
fruit of the ash, and especially so in the 
double samara of the sycamore. The elm 
fruit is also winged, but the wing in this 
case is an extension in all directions, in 
one plane, instead of in one direction 
only. 

Plumed fruits, that is, fruits which 
develop hairy outgrowths, are some of 
the most interesting types which are 
distributed by wind. In the clematis, 
traveller’s joy, or old man’s beard (Cle- (AcheneIof^mItis 
niatis vitalba), for example, the fruits are with Hairy Style 
a collection of achenes, borne on a recep- 
tacle, like those of the buttercup. But 
in the clematis, the style is very long, and after the fruit has 
ripened it persists, and then becomes a long, white hair, covered 
with branch hairs (Fig. 289). Thus, this climbing shrub produces 
a striking white effect in the hedgerows when its fruits are ripe. 
The plume on the fruit is its means of dispersal since the plume 
helps the fruit to boat in the air. 
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Tn the flower of the dsLudelion {Taraxacum the 

calyx is represented by a ring of white hairs called a pappas. The 
ovary is inferior, and, after fertilisation, the fruit becomes an 
achene, but the pappus persists, being pushed up on to the top 
of a very thin stalk, thus forming a beautiful parachute 

mechanism, by which the 

fruit travels sometimes 
for miles through the air 
(Fig. 290). 

In certain thistles the 
pappus hairs stand out 
in all directions from the 
fruit; thus the fruit is 

made extremely buoyant, 
and may be seen travelling 
in parts where there are 
no thistle plants for miles 
around, thus showing what 
great distances such fruit 
can travel. 

The poppy also depends 

upon wind for the dis- 
persal of its seeds, though 
in this case the seeds are 
distributed as such and not 
enclosed in the fruit, as in 
the other cases so far con- 
sidered* It is a curious 
mechanism, depending up- 
on the perforations in the 
dry pericarp wail, which have already been mentioned. Inside 
the ripened capsules, the seeds are dry and loose. The capsule, 
being at the top of the long stalk, is easily swayed about in the 
wind, and thus the seeds are shaken out through the perforations. 
This is similar to shaking pepper out of a pepper box and is there- 
fore called the pepper-box mechanism (Fig. 272). 

Wind dispers^^ is probably the best method whereby plants 
can be disseminated over large areas. 


Fig. 290. Head op Fruits op 
THE Dandelion. 

The pappus is raised above the fruit 
on an elongated stalk. 
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Mechanical Dispersal 

In mechanical methods of seeds dispersal, the fruit itself is re- 
sponsible for the mechanism. The seeds are shot out, as if from 
a catapult- Since the mechanism is the fruit itself, it is the naked 
seeds that are dispersed, and not the fruit. The pods of peas, 
beans and vetches demonstrate this mechanical method splen- 
didly. When the fruit is ripe and dry, the two halves of the 
legume or pod begin to shrivel. But the shrivelling takes place 
at unequal rates in different layers of the pericarp walls. The 
result is that the two halves first of all separate, and then each of 
them twists . This takes place so quickly that the action is almost 
explosive, thus shooting the seeds out for a considerable distance. 
It is not easy to watch this taking place in the garden pea and 
bean, since the fruit of these plants are usually gathered before 
they are ripe. But it is possible in the vetch [Vicia). When the 
pcxls of this plant are ripe, on a very hot day, their explosive 
action is easy to see, and also easy to hear, for, standing quietly 
amongst a growth of vetches, the gentle ‘ pop,’ ‘ pop ’ of the 
exploding fruit cannot be missed. 

The splitting of the schizocarp of the geranium and Pdar- 
already described, also of the meadow cranesbill (6^er- 
anium fratmse), closely related type, also takes place very 
quickly on a dry day. So sudden is this splitting that the five 
fruit portions, each containing a seed, are flung suddenly for 
some distance. 

Water Dispersal 

Dispersal of fruit by water is not so common. The best 
example of this type, however, is that of the coco-nut. The 
fibrous mesocarp of the fruit contains a large number of air 
spaces, thus making the whole fruit very buoyant. When the 
fruit is ripe it falls from the tree, and, since the coco-nut palm 
grows chiefly along the seashore or along the banks of rivers, the 
fruit usually falls into water. Then it floats in the water, along 
the shore, or down the rivers, finally being washed up on 
to dry land, or caught on the mud, where it develops into 
a new plant. 
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The water-lily, in Great Britain, disperses its seed by means of 
■water. The seed of this plant has an extra coat called an aril. 
This aril is spongy, and in the spaces of the spongy network 
there is air, thus making the seed buoyant. Thus the seed floats 
with the stream, but finally the aril becomes saturated with 
water and therefore loses its buoyancy. Then it sinks, and 
develops on the bed of the stream. 

PRACTICAL WORK 

1. By means of a hand lens, examine the collection of carpels 
of the buttercup, when they have ripened after fertilisation, thus 
forming a collection of fruit. Each fruit is an aehene. Dissect 
one and find the single seed enclosed. Make drawings of this 
fruit. 

Gompare a ripe strawberry with the collection of buttercup fruit 
and describe how, though both appear so different from each other, 
they are essentially similar. 

2. Examine and draw a bunch of ash fruit. Make a detailed 
examination of a single fruit and cut a longitudinal section of it, 
thus exposing the seed. Discuss the manner in which this samara 
of the ash differs from the aehene of the buttercup, giving reasons, 
especially from the point of view of mechanism of distribution. 

Examine a double samara of the sycamore. 

3. Draw a hazel nut, partly enclosed in its leafy cup. Examine 
the nut in detail and expose the seed. Compare this fruit with 
that of the buttercup. 

Examine the schizocarp of the hollyhock and compare this with 
the other types of dry, indehiscent fruits. 

4. Compare and contrast, by means of drawings and written de- 
scriptions, the various types of dehiscent fruits. 

The follicle of larkspur splits along its ventral suture. It is 
formed from one carpel composed of one locullus and contains 
several seeds. 

The legume of the pea, on the other hand, is formed from two 
fused carpels and it finally splits along both margins. When the 
pea fruit is ripe, note the manner in which both parts of the peri- 
carp twist, thus throwing the seeds some distance from the parent 
plant. 

Various types of siliquas should be examined ; for example, wall- 
flower, shepherd’s purse, honesty. These fruits are formed from 
two fused carpels, and are distinguished by the formation of a false 
septum. Note how they split to expose the seeds. 

The capsule shows many variations, some of wdiich should be 
examined. 
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5. I^Iany types of sticculent fruits are of economic importance, 
so it is important to examine some of them. 

Drawings should foe made of the complete fruit, and, where 
possible, it should foe dissected, and longitudinal and transverse 
sections drawn. 

Examijles of the follow’ing should foe studied : berry (goose- 
l:)eiTy, currant, tomato, banana, grape, orange) ; pepo (cucumber) ; 
drupe (plum, cherry, date, coco-nut, walnut) ; pome (apple, pear) ; 
aggregate fruits (blackberry, raspberry). 

In certain cases, especially the drupe, the pericai^ shows a 
complicated structure, as described in the text. This should be 
examined and the various layers defined. 

6. The mechanisms adopted by seeds and fruits in order to ensure 
dispersal, make fascinating practical study. 

Apart from the fruit already examined, the following are worthy 
of study : burs of cleavers, burdock, and wood avens ; plumed 
fruit of clematis, dandelion and thistle ; splitting schizocarp of 
geranium ; etc. 



CHAPTER XX 
GERMINATION OP SEEDS 

The seed contains a new plant in embryo. Given suitable con 
ditions, this embryonic plant wffl graduaUy develop into an ' 
adult. The development of the seed, from the embryo to a 
newly established plant, is called germination. 

Structure of Seeds 

As has already been seen, the seed is composed of an embryonic 
plant surrounded by a skin called the testa. In some cases the 
t^ta ako encloses an extra food supply called endosperm, ’and 
the seed is then referred to as being endospermous or albuminous • 
m others, no endosperm is present, in which case the seed is said 

to be non-endospermous or exalbuminous. 

An excellent example of a non-endospermous seed is that of 
the broad bean {Vicia Faba). This seed is kidney-shaped. The 
testa IS tough and a light brown in colour. On one edge of the 
seed there is a dark, elongated patch known as the hilum. At 
one end of the hilum is the micropyle, which corresponds to the 
micropyk of the ovule from which the seed was formed after 
lertihsation. It is not easy to see this micropyle with the naked 
eye, but its position can be clearly located by gently squeezing 
a soaked seed, when the water will ooze out through'lt. At the 
opposite end of the hilum is a small raised piece of tissue. This 
marks the remains of the stalk by which the ovule was joined to 
the ea^ellary waU, and later, after fertilisation, the stalk by 

the pericarp of the leguminous 

^3 carefully removed by means of a penknife or 

scalpel, the seed wiU be seen to be composed of two white 
kidney -shaped portions, lying flat against each other. The sur- 
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laces of these two halves are not joined to each other except at 
one small region on their edges. Treating this region as a hinge, 
the two halves can be gently opened out, like the leaves of a 
book, without doing any real damage, and then the structure of 
the whole seed can more clearly be seen (Fig. 291). 

Between the two flat, kidney-shaped structures, the embryonic 
bean plant may clearly be seen. It is very easy to distinguish 
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TESTA REMOVED AND 
COTYLEDONS OPENED OUT 

Fig. 201 . Seed op the Broad Bean. 


the small cylindrical root, which is called the radicle. Opposite 
to the radicle is the young shoot, known as the plumule. The 
region where the two organs meet is known as the hypocotyl. 
The two large structures, which form the bulk of the bean seed, 
are each j oined to the embryo at the hypocotyl. These two struc- 
tures are really modified leaves, and are called the cotyledons. 

In many seeds there are two such cotyledons, and plants 
which bear seeds of this nature are therefore called dicotyledons. 
On the other hand, a large number of plants such as the 
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hyacinth, tuhp, lily, wheat and grasses 
bear seeds which have only one cotyledon 
They are therefore called monocotyledons' 
The cotyledons, whether they are one 
or two in number, are reallv part of the 

embryo. Now, in the bean, it is dear 
that apart from the radicle, plumule 
nypocotyl, and the two cotyledons, there 
J nothing else enclosed by the ’testa 
,Q., „ only a seed but no 

GuRMmATloN ^nd therefore the seed is 

Broad Bean Seed. Bon-endospermous. 

(After Thompson.) However, the bean seed has an ade- 

. quate food reserve for the voune opt 

Mtmg seed Thk food is stored in the two Lyfedm 
That IS why the latter are both so very much enlarge! The 




cof ^c'otl^ o*' the Sycamore Seed. 

cot., ^otyledoM ; M, first pair of foliage leaves ; kvp., hypoeotyl 
(Mod^eA from Miller: ComeU VnioersUy mure ^ 
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stt)red food takes"tlie form chieiy of, starch, together with a 
cfertain amount of protein, .as can be proved by chemical, tests. 
It is clear from this description, that as the seed germinates and 
uses np its reserve food, the two cotyledons disappear. There- 
fore, they always remain with the seed, below the soil. Such 
(M)ty]edons are referred to as hypogeal {Fig. 292). 

Tiiere are, on the other hand, many dicotyledonous plants in 
which the cotyledons behave quite differently from this. A good 
example of this is the sycamore 
(Fig. 293) and the castor-oil plant 
(Ricinus communis). The syca- 
more is exalbuminous, whereas the 
castor oil is albuminous. In the 
latter, the ovoid seed contains a 
young embryo very similar to that 
of the broad bean seed. But the 
cotyledons are quite different. 

Whereas in the bean they are thick 
and fleshy, owing to the food re- 
serve they contain, in the castor-oil 
seed they are extremely thin, since 
they contain no food reserve. But 
then the castor-oil seed is endo- 
spermous, or albuminous, and 
stores its food reserve (chiefly pro- 
tein and an oil — castor oil) in the 
endosperm, which is a tissue, en- 

closed in the seed, but outside the 

^ rest of the seed out of the soil. 

embryo itself. 

W^hen the castor-oil seed germinates, therefore, it draws on its 
endosperm for the food supply which it requires during so much 
activity. The cotyledons are therefore not required for the 
purpose of storing food. When the young shoot appears above 
the soil the cotyledons are pushed up with it. After being in the 
light for some time, they develop chlorophyll, grow to a much 
larger size, and then act as true foliage leaves. The cotyledons 
of sycamore, too, are carried above the soil and act as’ the first 
foliage leaves (Fig. 293). Seeds which push their cotyledons 



Fio. 2S4. Germixatino Seed 
OF THE Castor-oil Plant. 
The hypocotyi is slowly 




cotyl is pushed above the soil ; then, during growth it goes 
through a series of twists whereby it pulls the test of the seed 
out of the soil (Fig. 294). 
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above the soil, and thus convert them into foliage leaves, are re- 
ferred to as epigeal. 


Fig. 296. A , Longxtudinal Section through the Lower 
Part of a Wheat Grain. 

r, radicle ; plumule ; c, first foliage leaf ; enclosed bud ; 
c, endosperm. 

B , The Plumule and Radicle have Elongated and Two 
Adventitious Roots have formed. 


JbiG. 295. Wheat Grains. 

The embryo with plumule (p) and radicle (r) is seen through 
the coat of the grain, h, hairs on the top of the grain. Jn 
B germination has begun. 


Another interesting point in the germination of the castor-oil 
seed is the behaviour of the hypocotyl. In this case, the hypo- 
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Stages of germination are also well seen- in the wheat grain 
(Figs. 295 to 299), in the photographs of models in the British 
:\]asenm (Natural History), here reproduced by kind permission 
of the Trustees of the BritiskM 


Conditions suita for Germination 
There are several important conditions necessary for the 
germination of seeds, but these vary with different seeds. One 



Fig. 297, Germinating 


Wheat Grain. 

Gorminatiorx has proceeded 
further than that illustrated 
in Fig. 29ti, and root hairs 
have formed. 



Fig,-. 298. Germinating 


' 'Wheat Grain. 

A, shows the first green 
leaf ; 7, breaking through the 
plumule sheath, ft ; all roots 
but one have been cut off 
short. J5, a later stage. 


thing is essential in all cases ; that is, a supply of water. This 
is well seen in the case of the pea seed. If some of these seeds be 
obtained after they have been stored for some time, for example, 
box peas from a grocer, they will be seen to be very hard and 
apparently withered. If, then, these pea^ are soaked for, say, 
twenty -four hours, they will swell. Then take the peas out of 
the water, and leave them in a pile, surrounded by a damp atmo- 
sphere. After three or four days they will germinate, as shown 

r B.E.B, 



by the growth of the radicle out of the seed. This is the 
first stage in germination of the seed, either in the soil or 
out of it. 

j Having absorbed a plentiful supply of water, the young 
I embryo begins to grow by the formation of new cells in its 
radicle and plumule. Thus the radicle pushes its way out as it 
grows, through the micropyle into the soil, and continues to 

grow downwards, finally forming 
the root. The plumule grows np^ 
wards into the air and forms the 
young shoot. The tip of the radicle 
usually protrudes first, and, as the 
young root gets bigger, it makes a 
large breach in the testa, through 
which the young, quickly growing 
plumule can afterwards find its 
way. 

All this fast development means 
the expenditure of much energy. 
Therefore the process of respira- 
tion is taking place at a very high 
rate. That is why the water is 
first of all required, for in resting 
Fio. 299. Grrminatino seeds little respiration is taking 

Wheat Grain. place, therefore very little water 

Lower part of a stage later f • -i 

than Fig. 298, .4, showing required. 

plumule (p) in section, and a As has already been seen, re- 
two * Lateral spiration takes place at the expense 

roots have formed on the of foods, from which the requisite 

energy Is obfined. Inthsgsnsta- 
ating seed, the foods are supplied 
by the stores in the endosperm or cotyledons. There are, 
however, many seeds which have scarcely any food reserve in 
their cotyledons, and no endosperm at all. They therefore have 
little food upon which to draw for their respiration. In such 
cases, the seed must never be sown very far below the surface 
of the soil, for it must develop quickly at the expense of the 
little food it has present in the embryo itself, and expand some 
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foliage leaves from its yoimg shoot above the soil. Then these 
foliage leaves can make food by photos3mthesis. 

In the case of endospermous seeds, or seeds which have a 
plentiful food reserve in their cotyledons, like the bean, there is 
no such hurry. Therefore the seeds may be sown further down 
in the soil. It must be realised, however, that so long as the 
young plant produced by germination remains under the soil, 
it cannot carry on photosynthesis, owing to absence of light. 
But, up to a point, in the case of the seeds with a good supply of 
food reserve, this does not matter, for, so long as the young 
developing plant can draw on a food supply from its attached 
seed, it is independent of photosynthesis. Yet its independ- 
ence cannot last indefinitely, because the food reserve in the 
seed is bound to come to an end after a time. However, before 
that time has been reached, the young plumule has pushed its 
way above the soil, developed its foliage leaves and thus be- 
gun photosynthesis, In this way the young shoot takes the 
place of the fast-disappearing food reserve of the seed, and sup- 
plies the necessary food. Naturally, therefore, as the food re- 
serve in the seed is being used up, the seed itself begins to rot 
away. Finally, the plant has established its roots from the 
radicle in the soil, its shoot from the plumule in the atmosphere, 
and thus becomes an independent plant. 

Another condition necessary for germination is the presence 
of oxygen. This, of course, is supplied by the air in the soil. 
The reason for the necessity of oxygen should not be hard to 
seek. Owing to the great activity in the germinating seed, 
respiration is heavy. Therefore there is a great demand for 
oxygen, since oxygen takes a very important part in this process. 
For this reason, the majority of seeds should be sown in a light 
soil where there is plenty of air. 

Temperature is a very important condition with regard to seed 
germination as it is in many other plant processes. Above or 
below a certain range of temperature, germination cannot take 
place. The range of temperature is that suitable to the well- 
being of plants in general, and is familiar to the majority of 
gardeners. The best temperature is that which we get on a 
summer or warm spring day. With a cold, winter temperature^ 
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on tlie other hand, seeds cannot germinate, and that is one of the 
reasons why the majority of seeds are not sown until the spring 
comes. fThis effect of temperature is true in the case of germina- 
ting seecls only— that is, seeds Mi of absorbed waterY Resting 
seeds can withstand great extremes of temperature. Seeds have 
been kept at a temperature so low as that of liquid hydrogen 
(about ~240° C.), and also so high as that of boiling water 
( + 100'^ C.), yet, after being brought back to a normal tempera- 
ture, have germinated. 

The effect of light on germination is very complicated, and 
cannot be properly explained even now. For example, the 
seeds of the purple loosestrife {Lijthrum Salimria), a tall herb 
which grows on the banks of rivers and ponds, will not germi- 
nate unless they are exposed to the light for some time, even 
after they have become swollen through the preliminary absorp- 
tion of water. Such seeds are said to be light-sensitive. In 
Nature, of course, these seeds fall on the surface of the soil, 
and therefore get the desired light for some considerable time. 
By experiment, however, it has been shown that only a short 
exposure to light (actually sec.) is all that is required. 

Then there are the opposite types of seeds which will not 
germinate unless they are in the dark. Such seeds are said to be 
light-hard. Examples of light-hard seeds are those of the 
tomato and of the familiar cultivated plant commonly called 
love-lies-bleeding or prince’s feathers {Amaranthus). 

Although there are these strange cases of seeds which will not 
germinate in the dark and those which will not germinate in the 
light, the majority of seeds do not seem to be affected to any great 
extent by the presence or absence of light. 

Dormancy of Seeds 

Seeds differ very much in the time taken for them actually to 
begin germinating after they have been sown. Germination is 
usually marked by the time when the radicle first appears 
through the testa. The length of time which elapses between the 
date of sowing and the first appearance of the radicle depends 
upon several factors, one of which is the size of the seed. For 
example, the seed of mustard, being very small, will germinate in 
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about a ci ay, whereas a large seed like that of the beetroot will 
lake anything. betweeE a week and a fortnight* 

Some seeds, as ' soon .as they are shed, from their fniit,.must 
immediately find a suitable medium in which to germinate, else 
they perish. On the other hand, some types of seed>s, even after 
they are fully ripened in the fruit, and shed, will in no eir- 
eumstances germinate immediately ; they wait for some time 
before doing so, never mind how excellent the conditions for 
germination. This period which elapses between the ripening of 
the seed and the time when it is able to germinate is called the 
dormant period, and the seed is said to be dormant during that 
time. In the case of seeds which must be sown as soon as they 
have ripened in the fruit, there is, of course, no dormant period. 
In the other cases, the period of dormancy varies with different 
seeds, from a few days to several weeks. 

Viability of Seeds 

As is well known in the case of garden seeds, many of them, 
although they have passed their period of dormancy, are still 
able to stay in the resting condition for some considerable time, 
if the conditions are not suitable for germination. Seeds which 
can ‘ sleep ’ for some time before they are awakened into ger- 
mination are said to be viable, and the length of time that seeds 
can stay ‘ asleep ’ is referred to as their viability. 

This viability of the seed has been the subject of many 
exaggerated claims ; nevertheless, it is true that the viable 
period of some seeds is quite a long one. In ordinary garden 
seeds, for example, it is usually at least one year. They are 
gathered in one season, and then kept in packets until the next. 
Thus, the ripe seeds have been viable for that length of time. 
But the gardener well knows that as time goes on, the viability 
gets less and less, for if such seeds are kept for two years the 
germination capacity is very much reduced, and a less number of 
them germinate when sown. 

That seeds are viable is also shown in newly ploughed land. 
The soil in such land is turned, thus bringing to the surface deep 
underlying layers. Shortly after ploughing, many weeds appear, 
especially the weed so hated by the farmers, which is called 
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charlock (Brassi€£i> sinapis), a plant with bright yellow flowers. 
The reason why so many weeds suddenly appear on freshly 
ploughed land is that their seeds have been present in the very 
deep layers of the soil, where there has been very little air, etc. 
so that the seeds could not possibly germinate. After plough- 
ing, these seeds are brought up with these lower soil layers into 
conditions fit for germination, and thus the weeds appear. 
One famous example is the poppy which germinated and 
flowered so brilliantly after the shelling of the Somme battlefield 
during the War. How long those seeds had lain buried, how- 
ever, is not known. Therefore, ail the time that those seeds 
have remained in the subsoil, they have remained viable. The 
charlock seed is very viable. It has been known to last for 
twenty-five years and retain its ability to germinate aU that 
time. 

The seeds of the oak, commonly called acorns, will remain 
viable for one year only, whereas those of the sensitive plant 
(Mimosa pudica) retain their viability for sixty years. 

Towards the end of last century it was shown that some 
kidney-bean seeds which had been kept in the herbarium at 
Tournefort for more than a hundred years were still capable of 
germination, and therefore their viability was at least a hundred 
years. 

It has been pointed out that if certain desert wildernesses be 
irrigated, young date palms almost immediately begin to grow, 
even though no adult palms are growing nearby. It has been 
suggested, therefore, that date seeds can remain undeveloped, 
yet viable, in the soil for many years. 

The most interesting seed from the point of view of viability 
is that of the wheat, since it has been the subject of many curious 
claims. 

Before considering its viability, it is interesting to note how 
often the wheat fruit is confused with its seed. The familiar 
grain of wheat, that is, the grain which is used for sowing, is often 
called the seed. It looks a typical seed, of course, but actually 
it is the fruit of wheat. This confusion arises from the fact that 
the fruit is of a very curious type. The ovary is formed from one 
carpel containing one ovule fixed at its base. After fertilisation, 
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testa fused 
with pericarp 


endosperm 


the fruit iindei’goes very little change, and is therefore very 
siiiiflar to the buttercup achene. There is one important dif- 
ference, however, in that, whereas in the buttercup fruit the 
pericarp and seed remain separate, in the wheat fruit the peri- 
carp fuses with the testa of the seed to form one layer. Thus the 
embryo and endosperm are surrounded by one layer only, which 
is formed by the fusion of the seed testa and the fruit wall. In 
such a case where pericarp and testa have fused, the fruit is 
called a cary opsis , and it is easy 
to see how difficult it would be 
to separate the seed from the 
■■ fruit (Fig.' 300), 

In 1923 the tomb of Tutank- 
hamen, one of the Pharaohs of 
Ancient Egypt, who died about 
the year 1350 b.c., was dis- 
covered by Mr, Howard Carter 
and Lord Carnarvon, who be- 
gan to excavate it. In this 
tomb several caskets of wheat 
grain werje found. This wheat 
was sent to Great Britain and 
tested to see if it was still viable. 

It was, as one would expect, 
found to be dead . Yet , in spite 
of this, the Press, both in Great 
Britain and in other countries, announced that this so-called 
‘ mummy wheat ' was still viable, and that wheat plants had 
been grown from it. That is, it was reported in the Press that 
this mummy wheat had remained alive and viable for close 
on 3300 years. Wheat from another tomb, estimated as dating 
back to 1200 b.c., was also sent to the Royal Botanic Gardens, 
Kew, and there it was tested by the great botanist, Sir William 
Thiselton-Dyer, who found it to be as dead as the mummies 
themselves. 

In spite of all this, belief in the viability of mtimmy wheat per- 
sists in the minds of the public. When^ however, the evidence is 
examined, the result is usually that the person who claimed to 



plumule 

radicle 


Fig. 300. Section through Fruit 
(Caryopsis) of Wheat. 
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grow wheat from the grain (and probably he really did grow 
had been hoaxed, for it was not mummy wheat at all p 
hundreds of years, the present-day native Egyptians have nZ 
the tombs as store-houses for their wheat. Probably, therefore 
the so-called mummy wheat was some of this. In other cases it 
IS quite certain that people have been tricked. The idea of th 
viability of mummy wheat is so widespread that many tourists 
who visit Egyptian tombs ask the native guides for some of it 
Smee the guides receive payment for it, they usually manage to 
satisfy the visitors by getting some ordinary wheat grain and 
putting it in the tombs when there are no tourists about. 

It is quite safe to say, that in spite of certain unsubstantiated 
claims, the majority of seeds are viable only for a few years and 
some for so long as 60 to 100 years, but there is no such thing as 
seeds of any kind being viable for thousands of years. 

Germinating Capacity of Seeds 

The farmer and gardener very often want to know the ger- 
minating capacity of his seeds. If the number which ger mina te 
IS a low percentage of the whole, then the seed is considered to 
be poor. A rough method of testing small seeds is to place some 
of them in water. Those seeds which sink are capable of ger- 
mirmting, whereas those which float are dead. For commercial 
seedsmen, however, such a method would be practically useless 
for they msh to know much more exactly the percentage germh 
nation of their seeds. The way seedsmen test ger^Lting 
capacity is to plant sets of seeds on trays containing moist cloth 
paper, porous earthenware or plaster of Paris, and keep them 
damp and at a constant temperature. Then the number of 
se^s which germinate is counted ; the number sown is known 
and thus the percentage can be calculated. A good percentage 
of germination is 70 to 85. or g 

Acceleration of Germination 
I^owmg the conditions necessary for germination, the best 
methods of huirymg-up the process is chiefly a matter of common 
sense, ^e fet process m germination is the absorption of 
wa er. Therefore, if seeds are soaked in water for twenty-four 
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i pairs before sowiiig, the time taken for their germination will 
be ver\^ much reduced. In the case of large seeds, such as the 
bean, germination can be hastened by gently piercing the seed- 
( /Dat or testa in several places with a needle, thus making pores 
ior the water to pass into the seed. Care should be taken not 
to pierce the young embryo. With hard-coated seeds, such as 
tlie coco-nut or castor-oil seed, a part of the testa may be com- 
'pletely removed. 

The Seedling 

Once the seed has germinated, its radicle soon grows down 
into the soil and there establishes itself as a root. In some cases, 
the radicle always remains the largest root and gives off branch 
roots of secondary importance and smaller in size. This gives 
a tap root system, for example, carrot. On the other hand, the 
radicle may grow only to a certain size and other roots may be 
formed adventitiously from the base of the shoot, equal in size, 
thus giving a fibrous root system, for example, w^heat. 

As the root is being developed from the radicle, the plumule 
is growing up into the air to produce the shoot. In epigeal 
seeds, the cotyledons are pushed up on the plumule, open out 
and expand in the air, develop chlorophyll and thus form the 
first foliage leaves of the young shoot. In the case of hypo- 
geal seeds, the cotyledons remain below the soil and rot away, 
and the first foliage leaves are developed afresh from the young 
plumule. 

Soon, therefore, the root becomes established in the soil and 
begins absorbing water and mineral salts from it ; the young 
shoot opens out its foliage leaves which soon begin photosyn- 
thesis, and thus the new young plant is established, no longer 
depending on the seed for food. This young stage of the new 
plant is called the seedling. Once the seedling is established, 
the seed itself, no longer required, rots completely away. Now 
established, the seedling carries on growth in the normal way, as 
will be seen in the next chapter, and develops into an adult plant. 

Seedlings, like young babies, are naturally very delicate and 
need great care. It was calculated, by Charles Darwin, that 
if dU the offspring of the henha>m {Hyoscyamus niger), a plant 

b.e.b. 
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which grows on waste patches in Great Britain, though not very 
common, were to mature to new plants, the whole world would 
be choked out by henbane plants in three years. If this is the 
case, then some of the more common plants would choke the 
whole world in three weeks (see Chap . XXIV) . This shows what a 
tremendous percentage of the offspring of plants never reach 
maturity. This mortality of the young takes place amongst 
seeds which never reach suitable soils, and also amongst young 
seedlings which are either too delicate to withstand extremes, 
especially of temperature, which adult plants can, or are choked 
out of existence by more sturdy plants growing around them. 
As will be seen in Chap. XXIV, there is a constant war being 
waged between plants for establishment on the soil ; and the 
weaker seedlings lose the fight and die. 

Care of Seedlings 

In the garden, young seedlings scarcely ever have to overcome 
the difficulty of fighting against older and better-established 
plants nearby, for the garden is usually spaced to prevent this ; 
yet the gardener knows that there are other conditions which 
the seedling has to meet, which an older plant can withstand. 

One of the worst is hungry animals. For example, birds are 
far too fond of picking garden seeds out of the soil, and also of 
eating the young, tender shoots of seedlings. If a bird were to 
eat two leaves of an adult plant, it would make scarcely any 
difference, for the plant would still have plenty of other leaves 
to carry on its photosynthesis. But, if a bird were to pluck off 
two leaves from a young seedling, it would probably mean that 
the seedling would perish because very likely those two leaves 
were the only ones so far developed. The trouble is that birds 
prefer shoots of seedlings to those of older plants, since the 
former are more tender and juicy. 

All kinds of methods are used by the gardener and farmer to 
fight the ravaging effects of birds. Until quite recently, one 
method used by farmers to keep crows, etc., away from the 
newly sown wheat fields, was a very simple one. Boys were 
employed to walk through the fields, wiiistling and shouting and 
sometimes using ‘ clackers/ Another method is to place scare- 
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crows ill the fields and gardens. Seeds such as peas are some- 
times protected from slugs and worms by soaking them in 
paraffin before sowing. 

Branches and sometimes cotton are used for preventing birds 
from getting at garden seedlings. In the case of peas and 
beans, which are usually planted in shallow trenches, the seed- 
lings are protected by arches of wire netting. The same type of 
seedlings are protected from slugs, snails and worms, which 
could otherwise crawl through the meshes of the wire, by a fine 
layer of sawdust or soot, placed on the surface of the soil around 
the seedlings. These animals cannot crawl over such a layer. 

Many seeds are sown in early spring. Therefore, when the 
seedlings appear above the soil, they risk attacks from frost, 
which they cannot resist so well as adult plants can. This is 
prevented by covering them lightly with a layer of straw. 

Sometimes to avoid the risks of attacks from animals and 
frost, also in order to hasten the early stages of the plant, seeds 
are sown in germinating boxes and kept in a greenhouse until the 
seedlings have attained a reasonable size. Then the seedlings 
are transplanted out into the open soil. This is very frequently 
done in the case of broad and ruimer beans, lettuce, onions, and 
various types of cabbage plants. 

A very curious type of seedling is that of the rice plant. The 
seedling demands an excessive amount of water. Therefore, 
after the seedlings have appeared above the soil, the rice fields 
are flooded with water by a process of irrigation, until the water 
remains on the surface of the soil. After a time, the water is 
drained off, and the plants allowed to grow to maturity. 

PRACTICAL WORK 

1, Show that seeds absorb water, to a considerable extent, 
through their micropyles. 

Choose some dry bean seeds and cover their micropyles with a 
little rubber solution. Allow this to dry and then place the seeds in 
water. Put some more bean seeds which have not been treated 
thus, in another vessel of water. Leave both for the same length 
of time (about twenty-four hours), then see to what extent the 
seeds have swollen by the absorption of water. 

Describe these results and deduce the rdle of the micropyle in 
the process of germination. 
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2. Place a piece of blotting paper or cotton wool in a 
1 lien moisten It with a knmvn quantity of water. On this hlnH - ' 
paper, sow a hundred wheat grains. Do the same usinns 
sized piece of blotting paper and the same amount of wnter m'H 
other seeds, preferably garden seeds; for e.xample, cress rirli i^ 
onion, beet, carrot, etc Then record each day tto number uhiv : 
have prminated and calculate the percentage. More water m il k 

added to keep the blotting paper moist. Note the diversitvnf 
time taken to germinate. uiversity of 



I _,..pyroga///c ac/cf 


Fio. 301. Experiment por demonstrating the Necessitv 
op Oxygen por Germination. 

3. Examine the effect of light on seeds. Set up saucers con 
taming seeds similar to that required for Experiment 9 . but 
having duplicate sets throughout Place one set in the light aild 
another set in a dark room or box ^ 

seedl*^® examples of light-hard and light-sensitive 

percentages and from them discuss the 
effect of light on germination, tne 

metho^f different temperatures on seeds, by similar 

5. Show that oxygen is necessary for germination. 

*7° cotton wool into spheres, then fix them bv 

suspended from two rubber stoppers 
(Fig. 301). On each piece of cotton wool, stick fifty wheat grains 
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The nioistiire of the cotton wool is sufficiently strong to hold them, 
ilicri fix one stopper in a jar about a quarter filled with water ; 
and rhe other in a jar about a quarter filled with pyrogallic acid, 
^iake sure that, the stoppers are fixed firmly, ■' ■ 

Record the number of grains which have germinated each day, 
and, realising that pyrogallic acid absorbs the oxygen from the 
atmosphere, deduce the rdle of oxygen in germination. 

6. Examine the structure of the seed of the castor-oil plant 
{.Rklnm) and the broad bean {Vicia), In the latter case it is best 
to soak it for twenty -four hours before dissecting. 

Dissect both seeds and draw the structures seen in both cases. 
Note in each case the embryo, with its hypoeotyl, radicle and 
plumule. The cotyledons of are thin and tissue-like, 

whereas those of Vicia are thick and fleshy. Explain why, although 
in both cases there is an excellent food supply, yet Eicinm iB 
albuminous whereas is exaibuminous. 

Note the testa surrounding the seed in each case. Test the food 
reserves present. , . 

7. Plant about ten seeds of the castor -oil plant and ten seeds of 
the broad bean in boxes containing damp sawdust. Place in a 
window and allow them to germinate. 

Then, after the radicles have appeared, take one of each and 
make a drawing of it. Do the same at intervals, thus examining 
the various stages of germination. 

Note the hypogeai germination of the bean and the epigeal 
germination of the castor-oil plant. 

' Examine and draw' the seedlings in detail, and explain why the 
first foliage leaves of the castor -oil plant difier from its normal 
foliage leaves, whereas in the bean this is not the case. 


CHAPTER XXI 
GROWTH 


Plants are composed of many cells joined together, and growth 
therefore involves the increase in the number of the cells, by 
division of one cell into two and so on. It is conceivable that 
growth could take place in all directions, but actually in real life 
this is not the case. Growth in every possible direction would 
result in the production of a sphere, and few plants and animals 
assume this regular shape. Plants and animals, though they 
conform to certain types, with regard to their shape, are all 
irregular. This means, therefore, that in the mass of a plant 
there are only certain regions where new cells are being produced 
and new growth taking place. 

With reference to ability to grow, plants and animals differ, 
in general, in two respects. First, plants are more branched and 
irregular in shape than animals. There are exceptions to this dis- 
tinction between plants and animals, of course. For example, the 
green plant, never branches, whereas corals, which are 

animals, are so much branched that they look very like plants. 

Secondly, many plants go on growing indefinitely, year after 
year. They never cease growing. The elm tree, for example, 
is continually growing in height, its branches lengthen each year,, 
new branches are formed, and its roots increase in length and 
number of branches annually. On the other hand, the majority 
of animals are limited in growth, such as man, and the horse. 
Here, again, as is always the case in Nature, there are exceptions. 
For example, Protococcus, a plant, is limited in growth, whereas 
corals are unlimited in growth. 

Localised Growth 

Growth in plants is very localised. It involves chiefly 
growth in length of the stem and branch stems, roots and 
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its brandies ; also,.. m,.,som:e cases, growth in thickness ■ of ■ stem 
aiidTOot. ' ■ ■ , . , 

Growth in thickness has already been examined. It is pro- 
duced by the activity of the cambium which forms new -wood 
elements on the inside and new phloem elements on the outside, 
thus causing secondary thickening. This type of growth, of 
course, takes place gbIj in certain plants. But growth in length 
of the root and the shoot is common to all the higher plants. 

Now the question is, do all the cells in a stem or in a root 
divide and produce new cells, thus adding to the length of the 
organ in question ? In other words, are stems and leaves 
capable of growing throughout the whole of their length ? The 
answer is in the negative. No stem or root is capable of growing 
throughout its entire length. 

In studying the structure of the root, it was seen that this 
organ is covered at its tip with a root cap. Therefore, the region 
of growth of the root cannot be at the very tip. The region of 
growth is that region where cell division is going on, that is, the 
meristematic region. In the case of the root, the region of 
growth is therefore not at the tip, but a short distance behind it. 
Actually it is about a millimetre behind the tip and then the 
growing region stretches down the root for about 3 millimetres, 
but, in general, no further (see Chap. VIII). 

At the tip of the shoot, and also its branches, there is no cap. 
Here, therefore, the region of growth is actually at the tip. 
There it is most vigorous, but the growing region stretches some 
distance down the stem, but with decreasing rate. The whole 
length of the growing region in the stem is several times that in 
the root. At the very base of a shoot and at the top of a root, 
near the hypocotyl, there is no growth in length taking place. 

In certain stems there is an exceptional distribution of grow- 
ing zones. This type is usually found in stems with very pro- 
nounced nodes and intemodes. In this case, the region of 
growth is not only at the tip as in normal cases, but also in cer- 
tain definite zones throughout the length of the stem. Two 
consecutive zones of growth, are separated by a zone wdiich is 
not growing. This exceptional type of growth distribution is 
called intercalary growth. It is well seen in many grasses. Here^ 
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a zone of intercalary growth is situated at the base of each inter- 
node. That is why, if grass stems are examined, the direction of 
growth of the stem changes slightly above each node. 

Rate of Growth 

The rates of growth in different plants vary considerably. For 
example, whereas the growth of the stem of a bean or wallflower 
shoot is so little in one day as to be imperceptible to the naked 
eye, certain bamboo stems in Ceylon have been known to grow 
16 inches in a day. The reproductive fructification of the stink- 
horn fungus, one closely related to the mushroom, offers another 
example of very quick growth. This fructification springs from 
the hyphse beneath the soil, to its full height of six inches in 
little more than an hour. 

The length of the growing region also varies in different plants. 
In the bamboo, for example, it is many centimetres, whereas 
in the upright hyphae of the fungus Botrytis it is only 0*02 
millimetres. 

A comparison of growth rates has been obtained by Buchner, 
whose results are recorded in the accompanying table. From 
his results it can be seen that some pollen tubes, for example, can 
increase their length to more than three times the original, in one 
minute. 


Plant organ 

Percentage elonga- 
tion per minute 

Bamboo shoot 
Bryony shoot 

Bean root 

Grass stamens 
Fungal hyphse 
Pollen tubes i 

1 

1-27 ' 

0*58 

0-45 

60-00 

80 to 120 

100 to 220 


Demonstration and Measurement of Growth ‘ 
The measurement of growth is no easy matter. To begin 
with, though we know in a casual kind of way what we mean 
when we say a plant or animal has grovra, yet if we tried to 
analyse exactly what is meant by such an expression we should 
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' ■find ourselves , up^ 'against a very difficult problem . For example, 
'wlieiia' thing grows in' length, we are. quite right in 'saying' that 'it ■ 
, haS' grown, but only in length but, say two things are. growing',:, 
in length and one grows longer than the other, are we justified in 
saying that the longer one has actmlly grown more than the 
other ? Answering casually one would say ‘ yes and very likely 
one would be wrong. For example, consider two boys bom at 
the very same minute. Then, imagine the same two boys at the 
age of sixteen years, one 5 feet in height and the other 5 feet 
6 inches in height. It does not follow that the taller boy has 
grown more than the other. He certainly has grown more in 
height; but, whereas the taller boy may be very thin and 
weedy, the shorter may be broad, muscular, and could give the 
other boy several pounds in weight. So, here is a difficult prob- 
lem : are we to judge growth by increase in length, height, 
thickness, weight, or what ? 

It is difficult to say. Growth by increase in weight is the 
most dependable criterion by which to Judge. But the trouble 
is, in the case of plants, when w’-eighing a plant alive, a great 
deal of the weight is due to the water present in the plant — its 
vacuoles, its vessels, etc. The same plant may have a certain 
weight at one moment, and a few seconds after may have in- 
creased it by absorption of water, or decreased it by excess loss 
of water. 

Growth of plants, therefore, is best Judged by their dry 
weights, that is, when all the water has been driven off. The 
trouble with this method is that it is impossible to compare 
the growth of the same plant at different times, for, once it 
has been weighed by the dry-weight method, it is killed, since 
all its water has been driven off ; and clearly cannot grow any 
^ more. 

Actually, growth is the resultant of two sets of processes 
opposing each other. There are processes in the living plant 
which tend to build up new tissues. The chief of these pro- 
cesses is that of photosynthesis whereby new food materials are 
added to the body of the plant. Such building-up processes 
are classed together as anabolism, and each process is said to 
be an anabolic process. Other processes tend to break down 
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the plant body. The chief of these is respiration in which foods 
are broken down and used in the production of energy. Break- 
ing-down processes are said to be katabolic. Thus, anabolism 
and katabolism are two directly opposed processes. The re- 
sultant of these two is called metabolism. If anabolism is 
greater than katabolism, then metabolism is positive and some- 
thing is added to the plant. If, on the other hand, katabohsm 
exceeds anabolism, then metabolism is negative and something 
is taken from the plant. So, if positive metabolism is main- 
tained, then growth takes place ; but, on the other hand, if 
negative metabolism continues indefinitely, then the plant 
begins to decay. 

The demonstration and measurement of growth, in any de- 
finite direction, within the living plant is comparatively easy. 
The growth in length of the stem, for example, merely involves 
the measurement of the increase in length of a thing, and this is 
not very difficult. The only trouble is, growth in length is so 
slow, normally, that to demonstrate it means magnifying the 
process many times over. However, this trouble is easily sur- 
mounted in more ways than one, as will be seen in the directions 
for taking such measurements given in the practical work. 

Force produced by Growth 

During growth, shoots and roots exert a considerable amount 
of force. For example, the castor-oil plumule, when it gets above 
the soil, will turn itself into a loop in order to force its seed-leaves, 
or cotyledons, out of the seed. This is better understood from 
Fig. 294. The onion seedling will do the same. 

In their growth upwards, shoots exert so much force that they 
can overcome quite considerable opposition. In some cases, it 
has been shown that shoots exert an upward force, during 
growth, of 82 lb. per square inch. If a fine net be cast over a 
young growing plant shoot, it will not prevent the plant’s up- 
wards growth, for, provided the net is not too heavy, the shoot 
will lift the net up with it. 

The pressure exerted by roots in their growth is too familiar to 
need much discussion. They have been known to push rocks 
apart, and, in the case of trees growing on banks, parts of the 



GROWTH 


4 : 67 - 


banks have been pushed right away, by the downward growth 
in length and the outward growth in thickness of the roots. 

No plant organ grows at a constant rate, even if it is kept under 
constant conditions of food supply, temperature, light, etc. All 
such organs, when they begin growth, gradually increase their 
rate of growth to a maximum, then decrease it to a minimum. 
This sequence of growth rates was first studied by the great 
nineteenth-century German botanist, Julius von Sachs. 

Although Sachs did much work in every branch of botany, he 
contributed more to the study of plant life processes (plant 
physiology) than anything else. For example, he was the first 
to discover that in the majority of green leaves, starch is the 
first visible product of photosynthesis. He also did much work 
on movements in plants. Much of our knowledge of plant 
growth we owe to him. 

The sequence of events in the growth of a plant organ, that is, 
the gradual increase to a maximum and then the following de- 
crease to a minimum in rate, was called the grand period of 
growth by Sachs. All plant organs have such a grand period. 
For example, Sachs measured the rate of growth of the first 
internode of a runner-bean seedling. He obtained his results by 
measuring the increase in length in millimetres at the end of each 
day, and found that the grand period lasts about 10 days. 
During the first day, the internode grew about 1 mm., then it 
increased its growth-rate until the seventh day, when it grew 
14 mm., and from that day its rate declined gradually. The 
rough measurements are given for each day in the following 
table and the complete grand period is illustrated in the graph 
(Fig. 302) constructed from the data obtained by Sachs. 


Growth in Length of Runner Bean Internobe 


Day 

Increase in 
length 

Bay 

Increase in 
length 

1 

1-0 mm. 

6 

10*7 mm. 

2 

L5 mm. 

7 

14-0 mm. 

3 

2*4 mm. 

8 

9*2 mm. 

4 

6*0 mm. 

9 

5*5 mm. 

5 

7-3 mm. 

10 

2*0 mm. 
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Tlme(]n di/s) 

Fig. S02. Graphical Representation of the Grand Period 
OP Growth in the Internode of the Runner Bean. 

(Data from Saehs.) 

Conditions suitable for Growth 
The conditions which govern growth are of the utmost import- 
ance. These conditions are naturally the same ones which ajffect 
anabolic and katabolic processes, and the effect of any one con- 
dition on growth is the resultant of the effects of that condition 
on all anabolic and katabolic processes. 
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Temperature 

All increase in temperature, within certain limits, increases 
the rate of photosynthesis (anabolic) and also increases the rate 
of respiration (katabolic). But, siiice one hours photosynthesis 
sujyplks enough new food for several hours of respiration, the 
result is a positive metabolism. The net result is that with 
increase in temperature, there is an increase in growth. In the 
case of a radicle of, say, a bean, the growth in length increases 
in rate, with increase in temperature from 0® C. to about 28"^ C. 
Then there is a gradual falling-oS in rate, until at about 35“^ C. 
growth ceases, since the plant cannot remain healthy at such a 
high temperature. 

Light 

The effect of light on growth is very complicated, since it 
affects the various life-processes connected with growth in so 
many different ways. For example, light is essential to the 
growth of a green plant, since, without light, photosynthesis 
cannot take place and of course, without photosynthesis, 
growth cannot take place. In non-green plants, light is not an 
important condition for growth. 

Growth in length and area, in a green plant, are affected in dif- 
ferent ways by light. As will be seen at the end of this chapter, 
in the absence of light, internodes, leaf petioles, etc., grow much 
longer, yet their dry weights are much less than similar inter- 
nodes and petioles grown in the presence of light. On the other 
hand, growth in the area of leaf blades is very much reduced 
by the absence of light* 

Much work is now being done on the effect of intermittent 
light — that is, periods of light, alternating with periods of dark- 
ness. After all, in Nature, plants are subjected to intermittent 
light (day and night), yet it was not until about fifteen years ago 
that its importance was realised. Then, a certain tobacco plant 
(Maryland Mammoth) was found to produce no flowers at cer- 
tain latitudes, but at other latitudes, where the days were shorter 
and the nights longer, it blossomed. Since then, much work 
has been done, and it has been shown that some plants develop 
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and produce flowers and fruit better by subjection to short-day 
periods and others by subjection to long-day periods. The 
chrysanthemum is a ' short-day ’ plant, and that is one reason 
why it flourishes during the winter, when days are short. 
Examples of ' long-day ’ plants are wheat, barley, oats, love-in-a- 
mist, clover, etc. Thus, these plants flourish best during that 
season of the year when days are long. Wheat plants have been 
subjected to short-day periods by artificial means, and though 
they developed well vegetatively, they were an exceptionally long 
time producing flowers and fruit. Length of the intermittent 
periods of light has other important eflects. For example, with 
long light periods, storage in the onion is accelerated, and the 
bulbs thus become bigger. In the tropics, where the days are 
shorter than in temperate regions, certain onions produce no 
bulb. 

Water 

Water is a very necessary factor to growth, for without a good 
supply of water, plants cannot grow at all. This is because all 
cells must be in the turgid condition in order to divide ; and the 
division of cells is the basis of growth. Thus, we have three very 
important processes where liquid water is essential in plants : 
(1) in the process of photosynthesis, since the green cells cannot 
manufacture food unless they are in the turgid condition (see 
Chap. XI) ; (2) liquid water required for translocating mineral 
salts and dissolved foods all over the plant system ; (3) in the 
process of growth, since cells must be turgid in order to grow and 
divide. 

Nutrition 

Nutrition is clearly a very important factor in growth. Under- 
nourishment means reduction in growth, and this applies both to 
plants and animals. In the case of plants, photosynthesis is one 
of the most important nourishing media and, so long as this goes 
on satisfactorily, growth is assured (provided, of course, the other 
conditions are fulfilled). Naturally, a good supply of the raw 
materials for photosynthesis is required for good growth. 
Carbon dioxide and water are usually present in sufficient quan- 
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tities. But this is not always the case with the mineml salts in 
the soil. If a farmer or gardener is getting a poor yield from iiis 
crops, yet weather conditions, such as sun for photosynthesis 
and rain for soil water, are reasonably good, then he should see 
if the soil is sufEciently manured. The following is an example 
of the effect of soil salts on growth. These results were obtamed 
by experimental work in the fieldyat Rothamsted Experimental 
Station. The yield is actually grass which has been dried to 
form hay : 

Complete mineral manure - - - 46 cwt. 

Mineral manure, without potash - - 27*3 cwt. 

Wounds 

Many perennials, especially trees and shrubs, are often 
subject to the risk of wounding. Sometimes the complete 
branch of a tree is torn off, thus leaving a large gaping wound. 
Such a wound may prove a source of trouble to the plant later 
on. The living tissues, such as cambium and phloem, thus ex- 
posed, are easily open to attack by disease-bearing bacteria and 
Fungi. But the plant prevents such attacks on its exposed living 
tissue by the activity of the ring of cambium which is also ex- 
posed. This layer of active tissue divides rapidly, thus pro- 
ducing a new tissue called callus. The ceils of the callus are 
gradually thickened by cork deposition on their walls. This 
layer of cork callus is gradually developed until it covers the 
wound. Thus the wound is protected from the attacks of disease- 
bearing organisms and also from rain water, which otherwise 
would get into the wound and cause the tissues to rot (Fig. 303). 

Where the wound is of a considerably large area, the cambium 
is not sufficiently strong to produce a callus to cover the whole 
area, but it does manage to produce enough to cover the living 
cells, near the outside edges of the wound. The layers of wood, 
near the centre of the wound are, however, left uncovered. This 
does not have any great effect, for the wood is actually dead ; 
but water does get into the wood and cause it to rot away, with 
the result that a deep pit is formed in the truck, from which the 
branch was originally torn. The process of rotting is so slow, 
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however, that it has little effect on the wlioie plant for many 
years. 

In cultivated trees, such as fruit trees, even the rotting of the 
wood is prevented, however, by merely covering the exposed 
surface of the wound with a layer of tar, or lead paint. This 
prevents water from getting in, and acts just as if the layer of 
cork callus had actually formed right across the wound including 
the wood. 

In some very old forest trees, the exposed wood caused by 
wounds has rotted to such an extent, that the trunk of the tree 



Fig. 303 . Healing of Wounds caused by cutting 
OFF A Branch. 

clf callus which took three seasons of growth to cover 
the wound as seen in 6. 

{After CurtiB.) 

is completely hollow. This scarcely affects the well-being of the 
tree, for it has already been seen that the water passes through 
the sap wood, towards the outside of the woody cylinder, and 
not through the heart wood. Therefore, so long as there is a 
certain amount of sap wood left to give the tree mechanical sup- 
port, and also to allow for the passage of water from the soil up 
to the leaves, together with the outer phloem tissues to allow 
the downward passage of food substances, then the tree can 
live quite safely. 

Torn leaves also heal their wounds. When a leaf is torn the 
layer of exposed cells collapses and dies, thus forming a tem- 
porary protective layer over the wound. Then, immediately 
beneath this temporary layer, a permanent layer of cork is formed, 
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tiuis iiiaking the leaf tissues completely immune from attacks by 
disease through the wound. Once the cork layer has become 
established, the permanent layer of dead cells peels off in scales. 

Periodicity 

The majority of trees in temperate regions are deciduous and 
go through a period of rest in the winter. During this season 
there are no leaves, but there are leaf-buds, commonly called 
winter buds. These buds remain unopened during the winter 
and only burst forth with fresh foliage leaves in the early spring. 
Therefore, such trees experience alternating periods of active 
life and growth, and quiescent periods of comparative inactivity. 
This phenomenon is called periodicity. 

Even if twigs of winter buds such as those of the oak, horse- 
chestnut or lilac be gathered during the winter and placed in 
water in a warm room, with plenty of light, their periodicity will 
not break down. They will not open until the spring ; perhaps a 
little earlier, but not much. Yet, there are artificial methods of 
breaking down periodicity, and such methods are sometimes 
used for getting foliage and flowers ‘ out of season,’ 

This can be demonstrated by a simple experiment. Lilac 
twigs should be gathered during the winter and placed in a 
vessel of water and the whole thing put under a bell- jar. Then 
introduce into the atmosphere of the bell-jar a heavy atmosphere 
of tobacco smoke, and seal the bottom of the bell- jar with some 
vaseline to prevent the smoke from escaping. Leave this for 
twenty-four hours, then remove the bell-jar, and place the lilac 
twigs in a warm, light place. After a few days, the buds will 
burst and produce foliage leaves. Thus, the periodicity has been 
broken down by subjecting the winter buds to an atmosphere of 
smoke, A more efficient atmosphere for breaking down period- 
icity is that of chloroform. Instead of blowing in tobacco smoke, 
introduce under the bell- jar a small open dish of chloroform 
liquid, and leave this for twenty-four hours. Chloroform is a 
very volatile substance, so within a few minutes the twigs will 
be in an atmosphere of chloroform vapour. The smoke method 
is sometimes used by horticulturalists to get a very early crop of 
flowers such as those of lilac. 
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Etiolation 

Elongation of plant organs, especially stems, is very often 
retarded by light and hastened by darkness. If a plant, 
such as that of the broad bean or cress, 
after it has developed a certain amount 
of shoot, be placed in the dark for several 
days, it will be seen that the stem has 
elongated very much more than it would 
have in the light. The stem is said to 
be etiolated (Fig. 304). Etiolation of this 
sort does not necessarily mean an increase 
in growth, for, as has already been seen, 
light is really necessary for growth. In 
the case of the etiolated bean, for ex- 
ample, the stem has grown much longer, 
it is true, but the leaves themselves are 
scarcely developed at all. The dry weight 
of an etiolated plant is much less than 
that of a similar plant grown normally 
in the light. 

This phenomenon of etiolation is fa- 
miliar to gardeners who keep their own 
‘ seed ’ potatoes. Of course, these are 
not really seeds but tubers. When a 
gardener wishes to keep some ‘ seed ’ for 
next year’s planting, he collects them and 
spreads them out in a cool, dark place dur- 
ing the winter. If these ‘ seed ’ potatoes 
are not used when the time comes, that is, 
the following early spring, the young buds 
in the 'eyes’ of the potato will shoot 
out. If, when these shoots are about to 
develop, the tubers are brought out into 
the light, the shoots will be short but 
sturdy, with small deep green leaves. On 
the other hand, if the tubers are still kept in the dark, the shoots 
will be etiolated, that is much longer, but sickly-looking, thin, 



Fig. 304. Two Seed- 
lings OF White Mus- 
tard. 

E, has been grown in 
the dark and is thus 
etiolated. N, has been 
grown in normal day- 
light. 

(After Noll) 
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aloiost colourless j and the leaves will be nothing more than 
colourless scales, scarcely developed at ail. 

In t'wo familiar cases, however, the property of etiolation of 
shoots in the dark is made use of by the gardener, because it is 
the etiolated structures 


H'ooden support 



that he requires. These 
two cases are rhubarb and 
celery (Apium gravexAens). 

For cooking purposes, that 
part of the rhubarb used 
is the petiole of the leaf. 

Now a long, pale red petiole 
is much more desirable 
than a short, thick, deep 
reddish-green one. The 
latter is obtained by cover- 
ing the growing rhubarb 
leaves with a tall, chim- 
ney-like structure, which 
keeps the leaves in the 
dark. This is called ‘ for- 
cing.’ In the dark, the 
petioles become long, and 
in this form they are sold 
in the greengrocers’ shops. 

The lamina of the leaf, 
however, is very small and 
almost colourless. 

The celery used as an 
article of food is also a 
leaf petiole. The ordinary 
petiole of a celery leaf is 

comparatively short, deep green in colour and extremely bitter 
to the taste ; whereas that served up at table is long, white, 
sweet and crisp. This is because it is etiolated. The etiolation 
of celery is obtained in a manner quite diSerent from that of 
the rhubarb. The celery plants are usually grown to the seed- 
ling stage in the greenhouse. Then they are transplanted into 


Fig. 305. Apparatus for demonstrat- 
ing Growth in a Shoot. 


I 
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deep trenches. After they have partly grown, more soil is put 
into the trench around the leaf petioles, thus covering them 
and subjecting them to darkness. Then they become etiolated, 
and sometimes more soil is added to make them elongate even 
more. The stringy nature of celery is due to the wood in the 
vascular bundles ivhich pass up through the petiole. 


cotton wool 



Fig. 306. Experiment por demonstrating the Begion op 
Growth IN a Stem. 

Left, at the beginning ; right, 2 to 3 days afterwards. 


PEACTICAL WORK 

1. Demonstrate the growth of a young shoot by means of the 
apparatus shown in Fig. 305. This apparatus can be purchased, 
but it is comparatively easy to construct. The materials suggested 
are shown on the diagram. 

2. Germinate a bean seed and when its radicle is about an inch 
long mark it by means of Indian ink from the tip upwards at 
intervals of exactly a millimetre, for about 12 millimetres. 
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Tlien set it up in the apparatus as shown in Fig. 306 and place it 
in a dark place. After a few days, examine the original millimetre 
markings and note how they have moved apart due to the growth 
of the root. 

Describe this experiment and explain why the markings are 
now separated at irregular intervals. 

3. Perform a similar experiment wdth a young shoot. Sun- 

flower or castor-oil seedlings are excellent material for this. The 
seedlings may be grown in damp sawdust. Discuss the different 
result obtained here, compared with that of the root ; and explain 
it. , . . 

4. Grow some runner -bean seedlings and, when they are suf- 
ficiently developed, take daily measurements of the increase in 
length of the first internode. 

Record these measurements up to about the end of a fortnight 
and then plot the results in the form of a graph. 

Discuss the curve obtained. 

5. Germinate two bean seeds at the same time. Then place one 
in the light and one in the dark. After the seedling produced in 
the light has attained a height of about tw^o inches, examine and 
draw both seedlings. Describe from the examination the nature of 
etiolation. 

Obtain the dry weights of both seedlings and explain why 
although the etiolated seedling is much taller, its dry weight is less 
than that of the normal seedling. 


CHAPTER XXII 
MOVEMENT ' 

If a young potted plant, say that of Fuchsia or a small broad 
bean, be placed on its side with the shoot growing out hori- 
zontally, after a few days the shoot will be seen to turn upwards 

(Fig. 307). Similarly, if a 
bunch of tulips, which are 
not quite fresh, be placed 
in a vase, the stalks of the 
flowers will hang over the 
side of the vase, with the 
flowers themselves hang- 
ing downwards ; but after 
a few hours the stalks will 
turn upwards, as they 
absorb water, with the 
flowers pointing upwards. 
In this way, most graceful 
curves may be produced 
in the stalk of the tulip. 
Such curves are clearly due to the activity of the stalks them- 
selves, for the latter cannot be bent straight again without 
breaking them. 

In both these cases, there is no doubt that the plant organs 
have moved. Such movement is very common in plants. 

Types of Movement in Living Things 
As was seen in Chap, I, an important difference between plants 
and animals is the fact that the majority of the former cannot 
move, whereas the majority of the latter can. How are 
we, therefore, to reconcile the above observations with this 
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Fig, S07. Experiment for demon- 
strating Negative Geotropism in 
A Stem. 
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distiriction between plants and animals ? This is very easy, 
because there are two distinct forms of movement both in 
plants and animals. 

For example, a person may walk from one part of the room 
to another. Thus his whole body moves. On the other hand, he 
may sit in a chair perfectly still except for his moving an arm. 
In this case, his whole body does not move. Thus we have the 
two forms of movement, one in which the whole organism moves, 
and the other in which only an organ of the organism moves, 
The first type of movement is the one which helps us to 
distinguish plants from animals, for in plants there are very few 
cases where the whole thing can move, whereas in animals the 
majority can. On the other hand, many plants are capable of 
moving certain of their organs, as already seen in the movement 
of the shoot of the potted plant and the stalk of the tulip. 

That type of the movement where the whole structure is 
transported is called taxis ; and that type where only one organ 
moves is called tropism. 

Mechanism of Movement 

If you put your finger on a hot iron, you very soon take it 
away again, by quickly moving the arm. There must be some 
very complicated processes involved in this apparently simple 
action, for although it is the finger which is affected, it is the whole 
arm which reacts. The pain is felt in the finger, yet to move it 
aw’ay from the cause of pain, the muscles of the arm have to be 
called into action. 

The best way to understand the processes involved is to trace 
the details from the placing of the finger on the hot iron to moving 
it quickly away. The heat of the iron is the cause of the trouble. 
It is therefore called the stimulus, since it stimulates pain. Then 
next, that pain is felt or perceived by the nerves jjresent just 
beneath the skin of the finger. This process is called perception. 
Now if one could imagine the finger being severed from the body 
and placed on the hot iron, it would not move away from it, 
neither would the arm, from which it had been severed, move. 
Therefore, in the case where the finger is normally attached to the 
arm, there must be some kind of connexion which conveys the 
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stimulus between the finger and the arm miiscies. This con- 
nexion is supplied by the nervous system, which acts like a 
telephone system. The stimulus is perceived at the finger tip 
and this stimulus is then transmitted by some method, not 
fully understood, to the brain, whence it is retransmitted to the 
arm muscles. This process of taking the ‘message’ of the 
stimulus along the nervous system is called transmission. The 
‘ message ’ is thus transmitted to the arm muscles which then 
act accordingly. They are said to respond to the stimulus. 

Thus, in the movement of the arm, four distinct processes 
are involved : (1) the stimulus of excessive heat from the hot 
iron ; (2) the perception of pain by the nerves of the finger ; 
(3) the transmission of this perceived stimulus along the nervous 
system ; (4) the response of the arm muscle by forcing the arm 
to remove the finger from the iron. 

All four of these processes are involved in tactic and tropic 
movements both an plants and in animals, though in some cases 
chey are not so clearly defined as in others. 

All cases of tactic movements in plants are found in those 
types of plants or organs of plants which are quite free and are 
able to swim in water or solution. 

In the most important cases, the stimulus which causes the 
taxis is either light or a chemical substance. The taxis caused by 
light is called phototaxis and that caused by a chemical sub- 
stance, che mot axis. 

Phototaxis 

The best case of phototaxis is demonstrated by the freely 
swimming, unicellular plant Chlamydomonas (Fig. 1), If 
thousands of these plants are placed in a glass of water, the 
water will appear pale green in colour, since each Chlamydmnonas 
plant contains a chloroplast. Now, if the glass be illuminated 
much more on one side than on the other, for example, by placing 
it near a bright window, the uniform green colour of the water 
will soon disappear. This is because all the organisms have 
accumulated on the more brightly iliuminated side of the glass, 
that is the side nearest the window. This side will be a deep 
green, owing to the mass of green plants accumulated there. 
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Kow, if tiie glass be turned through 180°, after a short time the 
green colour will have changed to the opposite side of the glass, 
because it is this side that is now illuminated more. 

Therefore, Clilamydmionas plants are phototactic. The reason 
for this is clear, for the nearer they are to the source of light, the 
better can they carry on photosynthesis. The plants perceive 
the stimulus of light. The region of perception is a little red 
eye-spot, near the more pointed end of the cell (see Fig. 1). 
Then this perceived stimulus is transmitted to the cilia, which 
respond by lashing themselves and thus propelling the plant 
through the water. The plant, whde swimming, not only goes 
forward, but also rotates on its own axis. 

Since the plants swim towards the source of light, they are 
said to be positively phototactic. If, however, the light is very 
strong (for example, direct, bright sunlight through the window) 
the plants do the opposite and swim away from the source of 
light. Then they are said to be negatively phototactic. There- 
fore, Chlmnydomonas is positively phototactic in subdued or nor- 
mal light ; but negatively phototactic in very strong light. 

Ghemotaxis 

Chemotaxis is not so easily demonstrated in plants. The 
stimulus which causes this type of complete plant movement is a 
chemical substance. For example, certain bacteria are known to 
move chemotactically towards certain food substances, such as 
sugar ; but away from certain harmful chemicals, such as acids. 
They are therefore positively chemotactic to food chemicals, but 
negatively chemotactic to harmful chemicals. The best type of 
chemotaxis is demonstrated by the sperms of ferns. In the case 
of flownring plants, it wns seen that the sperms never miss their 
way to the egg, since they have a definite tube (the pollen tube) 
through which to travel. ’With ferns, however, it is quite dif- 
ferent. The eggs of the fern plant are borne some distance away 
from the sperms, and there is no tube connecting the two, as 
there is in the flowering plant. When both, however, are sub- 
merged in water (as is usually the case in Nature), it is possible 
for the sperm to swim to the egg, for, unlike the sperm of the 
flo-wering plant, the sperm cell of the fern has a large number of 
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cilia. By lashing these cilia, it is therefore capable of swimming 
in water.' 

There must be some means, however, of indicating to the 
swimming sperm the position of the egg, to prevent the former 
from swimming in the wrong direction. This means of directing 
the sperm w^as discovered by a famous botanist named Pfeffer. 
He found that the sperms of ferns are attracted positively by 
malic acid. He also discovered that the organs of the fern which 
bear the eggs produce malic acid. Therefore, the malic acid 
given off near the eggs acts as a stimulus to the sperms, which 
then swim towwds the place of stimulation and thus come into 
contact with the egg. 

A more convincing example of this type of chemotaxis is seen 
in the case of seaweeds, such as the common sea wrack. In this 
plant the eggs and sperms are produced and merely cast into the 
sea. The eggs have no cilia and are therefore quite passive ; but 
the sperms each have two cilia and are thus able to swim. Yet, 
since these male and female gametes are cast in a haphazard 
fashion into the sea, the chances that one of each type will meet 
to fertilise seem very remote. The chances of failure to meet 
are reduced, however, by the egg giving off a chemical substance 
which attracts the sperm. Thus the latter is stimulated chemo- 
tactically, and swims towards the egg. What the chemical is in 
the case of seaweeds is not certain. 

Geotropism 

Tropic movements and the curvatures that they sometimes 
cause in plant organs are much more common than tactic 
movements. 

The majority of green plants grow upright. The shoots grow 
up into the air vertically, and the roots grow down into the soil 
vertically. If such plants are placed out of the vertical plane, 
such as in the case of the potted plant mentioned previously, the 
shoots curve in order to get back into the vertical position again 
(Figs. 307. and 308). 

This property of green plants is due to the action of gravity. 
Gravity is a force which tends to draw" all things towards the 
centre of the earth. Therefore, roots grow tow^ards the centre of 
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gravity and shoots away from the centre of gravity. This 
stimulating effect of gravity which forces a plant to fix itself in 
a certain position, that is, to orientate itself, is referred to as 
geotropism. It is a tropism and not a tactic stimulus, since it 
does not make the whole plant-body move, but merely forces 
certain organs to grow in certain definite directions, and, if they 
are placed out of such normal positions, it is responsible for 
making them return to the normal, by curvature. 

Gravity, therefore, is the geotropic stimulus. Since the shoot 
grows away from the centre of stimulation (gravity), it is said 
to be negatively geotropic. The 
opposite effect in the root can 
easily be demonstrated. Good 
material for this is the broad 
bean radicle, which, of course, 
is a young root. Plant some 
bean seeds in sand or sawdust, 
and when the radicles are about 
an inch long, carefully I'emove 
the complete germinating seeds 
from the soil. Then, pin them 
on a piece of cardboard, with 
the radicles pointing in different directions, one growing 
downwards, one horizontal, one vertically upwards and one 
obliquely. Then fix the cardboard upright in a vessel, which 
contains a little water, and cover the top of the vessel with 
another piece of cardboard. In this damp atmosphere the 
radicles will continue to grow, and, after a time, whereas the 
downwardly growing root will continue to grow downwards, the 
others will all gradually bend until they, too, are growing down- 
wards. Therefore, roots grow in the opposite direction to 
stems, that is towards the centre of the stimulation (gravity), so 
they are said to be positively geotropic (Fig, 309). 

When a shoot is fixed horizontally, it gradually turns upwards, 
because the stimulating effect of gravity is acting on one side of 
it (the lower) all the time. Now, if the horizontal shoot be con- 
tinuously turned round and round in the same plane, then 
gravity stimulates all sides of it, instead of just one. In such a 


Fig. 308. Seedling of a 
Bean placed horizontally. 
After a time, the Shoot 

CURVES UPWARDS AND THE RoOT 
DOWNWARDS. 

{ After Thompson.) 
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case, the shoot cannot be expected to tiirn upwards, since all 
sides are now stimulated. It therefore remains in the hori- 
zontal plane continnously so long as it is kept turning. A method 
of doing this is given in the practical work. The same applies to 
a root. Thus, the effect of gravity as a geotropic stimulus can be 
eliminated. 

That the geotropic effect is due to gravity can be shown in 
another interesting maimer: A body, such as a stone, if thrown 



Fig. 309. Experiment for demonstrating Positive 
Geotropism in Roots. 


into the air, will finally fall to earth by the attraction of gravity. 
The same applies to small particles of sand. Now, if some par- 
ticles be placed in a bowl of water, and the water whisked 
quickly round and round, the particles gradually move tow’-ards 
the centre of the bowl. On the other hand, if some globules of oil 
be placed on the water, they will move to the edge. Sand is 
heavier than water, whereas oil is lighter than w’^ater. The 
force which causes this movement in a spinning object is called 
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eentrifugal force. Heavy objects move towards the centre, in 
such cases, and lighter articles away from the centre. 

The effect of centrifugal force on the orientation of roots and 
shoots was demonstrated in plants by Knight, more than a 
hundred years ago, by means of a turning w^heel called Knight^s 
wheel. This wheel is very similar in construction to the wheel 
of a water mill. A wooden one will do, 
provided with pockets on its circumfer- 
ence, then fitted with an axle. This is 
placed under a tap of running water, 
which keeps it turning round continuously. 

On the circumference of the wheel, ger- 
minated bean seeds are pinned, with their 
roots and shoots pointing in various direc- 
tions. After a few days, the roots and 
shoots will be seen to have responded 
to the stimulus of centrifugal force, the 
former growing towards the centre of 
the wheel and the latter in the opposite 
direction. 

A very important problem in the case 
of geotropism is to find which parts of 
the root and shoot perceive the stimulus 
of gravity and which parts respond. 

This is quite an easy problem. If some 
germinating bean seeds be placed with 
their radicles lying horizontally, they 
gradually curve downwards, and the point 
where they curve is that part of the root 
where growth in length is taking place, 
namely, just behind the tip. Therefore, 
the seat of response is coincident with the region of growth 
(Fig.310). 

Now, if some more germinating seeds be placed in a similar 
position, but just the very tips of the roots removed before 
doing so, those roots will not curve, that is, they will not respond 
to the stimulus of gravity. Therefore, the seat of perception is 
right at the tip of the root. So, we have perception at the very 
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Fig. 310. Geotro- 
pic Curvature in a 
Root, showing that 
THE Seat op Res- 
ponse IS coincident 
WITH THE Region op 
Growth. 

J, placed horizon- 
tally ; II, after seven 
hours; III, alter 
twenty - three hours ; 
Z, a fixed index, 

(After Sachs.) 
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tip of the root, but response a. short distance behind this. There- 
fore, there is bound to be some form of transmission from the 
former to the latter, although the distance is very short. How 
this is done is still not known. In animals, the stimulus is trans- 
mitted along the nervous system ; but there is no nervous 
system of this kind in plants. Therefore, the transmission of 
stimuli in plants is a problem yet to be solved. 

In the case of shoots, response to gravity is very similar. 
There the seat of perception is at its tip and also the seat of re- 
sponse at the tip, and part 
the way down the shoot. 
As we should expect in 
this case, response, being 
coincident with the region 
of growth, follows the latter 
in being strongest at the 
tip and then getting less 
and less going down the 
shoot. Response very 
quickly takes place at the 
tip, but the length of time 
taken to respond is longer 
the further it is away from 
the tip. 

Some recent very interest- 
ing work has brought out 
one curious fact about transmission of stimuli in plants. Root 
tips have been decapitated, then the tips have been stuck on 
again with gelatine. After they have stuck firmly, they have 
been stimulated by being placed horizontally and have definitely 
responded. Therefore, transmission of the stimulus can pass 
across a non-living layer. Also other experiments, recently 
carried out at the University of Oxford, has revealed some other 
interesting features of this phenomenon. Two slips of mica were 
forced into a root in the positions shown in Fig. 311. Then the root 
w^as stimulated by being placed horizontally, and it responded 
by curving downward in the normal way. Now, if the organ of 
an animal, such as a man’s arm, were treated in this wayj there 


y.mica slips 




‘‘ root 



Fig. 311 , Experiment for show- 
ing THAT Transmission in a Root is 

noi ALONG ANY DEFINITE CHANNEL. 

Above, root placed horizontally 
after mica slips have been inserted. 
Below, the same root twenty-four 
hours afterwards. 
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would be no response to a stimulus applied at the finger, for ail the 
nerves from the fingers to the brain would be severed, at least 
once. This experiment also shows that transmission of stimuli in 
plants does not necessarily follow a straight 
path. It can go round corners. Such experi- 
ments as these go to show that transmission 
of stimuli in plants is probably very different 
from that in animals. 

It has already been seen that geotropic 
curvature takes place in the region of greatest 
growth ; also that in grasses and certain other 
plants, intercalary growth takes place at the 
base of each node, besides normal growth at 
the shoot tip. Therefore, if a long shoot of 
grass be placed horizontally, it responds with 
negatively geotropic curves, not only at the tip of the shoot, but 
also at the base of each internode, that is, at each node (Fig. 312}. 

Twining Plants 

In the case of twining plants, that is, plants in which the stems 
are too long and thin to support their own weight, the pheno- 
menon of geotropism in the stem assumes a curious nature. 

Stems twine by twisting spirally around a support such as the 
stouter stem of another plant growing nearby, or stretched cord 
placed there for the purpose, as in the case of certain cultivated 
runner beans. In such cases the shoot tip is not merely growdng 
upwards by negative geotropism, but it is also describing definite 
circles. In doing this, the tip really describes a spiral, for as it 
moves slowly round and round, it is also moving upwards. 
Thus, by tracing a circle, it coils round the support, and by 
negative geotropism it tends to move upwards, which pulls 
the whole stem tightly round the support. This spiral movement 
of the tip of the shoot is called circumnutation. 

Phototropism 

If a small plant be placed in a large box which is completely 
covered except for a narrow slit which allows light to enter at 
that end of the box furthest from the plant, after a few days, the 



Fig. 312. Geo- 

TROFIC CURVATUBB 

OF A Grass Stem, 
BY Curvature of 
THE Node. 

(After Noll.) 
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shoot will curve in the direction of the slit. This shows that the 
shoot is sensitive to the stimulus of the directive action of light. 
If the light is supplied all round a shoot, of course, there is no 
curvature, since the stimulus is then applied in all directions. 

Gurvature due to the directive action of light is called photo- 
tropism. Since the shoot curves towards the light it is said 
to be positively phototropic. Nearly all green shoots are posi- 
tively phototropic, and response takes place normally in the 
region of greatest growth. Many plant 
organs show negative phototropism, 
that is, they curve away from the 
direction of light. Some roots do; 
but one must be a little circumspect 
in this case, since roots are usually 
growing in the soil, and therefore 
seldom experience light at all. Conse- 
quently, by far the majority of roots 
do not respond to the stimulus of 
light, even if they are exposed to it. 

Those roots wliich do respond, how- 
ever, are usually negatively photo- 
tropic. Familiar examples of roots 
which do not respond to the photo- 
tropic stimulus of light are those of 
the bean and the sunflower. A good 
example of one which does is that of 
the mustard. 

An excellent method of demonstrat- 
ing the positive phototropic curvature 
of the shoot and the negative phototropic curvature of the 
root can be used with this plant. A small seedling of it is 
taken and fixed through a hole in a piece of sheet cork, the 
hypocotyl being supported at the hole by plugging with cotton 
wool. Then the cork is floated on water in a glass vessel which 
is covered with brown paper, or painted with Indian ink, 
except for a slit down one side. Through this slit the light 
passes, and after a short time the shoot will curve towards it and 
the root away from it (Fig. 313). 



Fig. 313. Seedling or' 
White Mustard which 

HAS BEEN FIRST ILLUMINA- 
TED FROM ALL Sides, then 
FROM ONE Side only (indi- 
cate d BY Arrow). 

{After NoU,) 
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Transverse phototropism is coniSned almost completely to 
leaves. In this case, the organ orientates itself at right angles to 
the direction of the light. In normal light, the leaf blade faces 
the light, in order to get the maximum for photosynthesis. In 
very bright light, they turn edgewise to it. 

The region of perception of phototropic stimulus is the same 
as that for the perception of geotropic stimulus, that is, the tip. 
This can easily be proved in a shoot. If a young shoot be 
covered with some tinfoil, except the very tip, and then stimu- 
lated phototropically by being illuminated on one side only, 
clearly it cannot respond, because the tinfoil prevents curvature. 
But it can be proved that the tip has perceived the stimulus by 
now removing the foil, and then illuminating the shoot all round. 
Normally, a shoot illuminated all round does not curve, but this 
shoot will curve in the direction of the light by which its tip w^as 
originally illuminated. That it is only the tip which perceives 
the stimulus can be proved by carrying out the converse experi- 
ment. That is, expose the whole of the shoot, except the tip ; 
but cover the latter with foil. Then stimulate phototropically by 
illuminating on one side only. It will not respond. 

Chemotropism 

Movement, or curvature of a plant organ towards a chemical 
substance, is referred to as chemotropism. The growth of pollen 
tubes, for example, is directed towards the ovules by a sugary 
substance. Thus the tubes exhibit chemotropism, the stimulus 
being supplied by certain sugars present in the style of the 
ovary. 

Hydrotropism 

Hydrotropism is a special case of chemotropism, where the 
chemical substance is water. In soils, for example, where the 
water is not evenly distributed, the roots will sometimes curve 
out of the vertical towards the most efficient water supply. 
Thus, sometimes in its normal habitat, the direction of growth 
of a root is determined by water as well as by gravity. This can 
he demonstrated in a simple experiment which is described in 
the practical work. 
q2 
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Contact Stimulus or Haptotropism 

Contact with an outside body sometimes acts as a tropic 
stimulus in plants. Tendrils, for example, when they come in 
contact with a supporting branch, receive a stimulus by such con- 
tact, and they respond by a growth curvature whereby they coil 
round such a support. Tropic curvature of this nature, due to 
the stimulus of contact, is sometimes referred to as haptotropism. 

The direction of growth is sometimes influenced by other 
conditions. For example, plants in exposed conditions are often 
subjected to a prevailing wind coming chiefly from one direction. 
Such plants often respond by growing away from the direction 
of the wind. 

Night and Day Movements 

There are certain movements in special cases of plants which, 
though tropic, are not hke the tropisms so far concerned, in that 
they are not due to the stimulus of any directive force. In the 
case of the tropisms about to be considered now, the stimulus is 
diffuse, that is, it is present all round the plant, and does not come 
from one direction only. Such movements are not movements 
of orientation, that is, they are not of such a nature as to compel 
the moving organ to arrange itself in a definite position with re- 
lation to the stimulus. These movements, due to a diffuse 
stimulus, are called nastic movements. There are several forms 
of them grouped according to the nature of the diffuse stimulus. 
Whereas they have a certain amount of significance in some 
cases, according to Goebel, they are practically useless in 
others. 

Certain leaves and floral organs assume different positions 
during the night from what they do dming the day. The 
capitulum of the daisy, for example, closes up at night, and so 
does the flower of the lesser celandine. Such movements are 
often referred to as sleep movements, though it must be realised 
that such movements are not in the least bit comparable to sleep 
in animals. Such movements due to night and day are called 
nyctinastic movements. 
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Now, when night falls, quite a complicated change in sur- 
rounding conditions arise, the two chief changes usually being 
a fall in temperature and, of course, a great reduction in light 
intensity. Some nyctinastic movements are due to the stimulus 
of change in temperature (thermonasty), whereas others are due 
to the stimulus of change in light intensity (photonasty). 

Splendid examples of thermonastic movements are seen in the 
flowers of the crocus {Crocus sativus) and tulip. At nightfall, 
the perianth segments of these flowers close up, and when day 
breaks again, they begin to open out. That this nastic move- 
ment is due to the stimulus of change in temperature, rather 
than light intensity, is easily proved 
in the case of cut tulip flowers. If 
such flowers are brought indoors, 
and placed in a warm room, even 
if the room is badly illuminated, 
the flowers will open right out. 

This movement is sometimes sur- 
prisingly quick, the flowers opening 
in less than haK-an-hour. 

Photonasty is even more inter- 
esting, since whereas the stimulus 
of light intensity brings about a certain response in one case, the 
same stimulus brings about an opposite response in another. For 
example, flowers of the water-lily, many cacti, and the lesser 
celandine, also the flower heads of the daisy and hawkbit, close 
up with a great reduction in light intensity, that is, at nightfall 
(Fig. S14). On the other hand, the flowers of the evening prim- 
rose {(Enothera biennis), the bladder campion {Lychnis mflata), 
and species of Nicotiana (a great favourite with gardeners for 
herbaceous borders) are quite the reverse in their photonastic 
movements and open when night falls. That is why certain of 
these plants, especially Nicotiana and the bladderwort, have such 
a delightful perfume in the twilight and even at midnight, 
whereas they have none during the day. 

The opposite eflects of the stimulus of light intensity on photo- 
nastic movements can be explained by the type of pollination 
which such flowers require. Those that open during the day are 


Fio. 314. Flower Head 
OF Rough Hawkbit, closed 

WHEN KEPT IN THE DARK ; 
OPENED WHEN ILLUMINATED. 
{After Detmer.) 
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pollinated by insects, such as bees, which are only available at 
that time. Thus, such flowers expose their sexual organs during 
the day. When night falls, they close up, probably in order to 
protect such organs from the cold, rain, etc. On the other hand, 
those flowers which open at night are usually pollinated by night 
moths. 

Certain foliage leaves also exhibit nyctinastic movements, 
though the reason for this, and what the real stimulus is, is not 
fully understood even to-day. This is the case in the runner 
bean (Phaseolus mtiUiflorus) leaf and in Amicia, a plant native to 




Fig. 315. Amicm 22/<7o?wcm, showing Diurnal and Nocturnal 
Position of Leaves. 

the Andes (Fig. 315) . In such cases, the leaves are expanded and 
lie in the horizontal plane during the day, thus being in the best 
position for photosynthesis. During the night, each leaflet falls 
vertical, thus giving a kind of closed effect. 


Movement due to Wounding 

A very interesting, but rare case of nastic movement is seen in 
the case of the so-called sensitive plant {Mimosa pudica), in 
which the leaves quickly close up, and the whole petiole falls into 
an oblique position, under some disturbing stimulus, such as 
wounding. This is therefore called traumatonasty. The leaf of 
this fascinating plant is composed of many leaflets (see Fig. 316). 
If the whole leaf be struck sharply by the hand, all the leaflets 
move together, and then the whole leaf falls into an oblique 
position from its base. This leaf base is very well articulated and 
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acts like a complicated hinge. It is called the pulvinus. The 
wlioie reaction to the stimulus is fascinating, since it takes 
place completely in a matter of a few seconds. The stimulus 
is not necessarily one of touch, for if a lighted match is 
brought near the leaf, the same response takes place; also 
in darkness. 

The passage of the transmission of the stimulus is clearly seen 
by putting a naked flame near the leaflets at the tip of the leaf. 




Fig. 316. Mimosa pudicat showing Leaves in Normae Position 
(Left) and after Stimulation (Right). 

The nearest leaflets will close, then the ones next to these, and so 
on, thus marking the transmission of the stimulus downwards. 
When it gets to the pulvinus, the whole leaf bends obliquely, 
then, if the stimulus has been sufficiently strong, it will continue 
down the stem of the plant to the next leaf. In this second leaf, 
as one would expect, the stimulus affects the pulvinus first, then 
it is transmitted up the leaf, that is, in the opposite direction to 
that in the first leaf. Thus the sequence of events in the second 
leaf’s response are the reverse to what they were in the first. 
This gives a clear demonstration of the transmission of the 
stimulus through the leaves and stem of this plant (Fig, 316 )- 
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PRACTICAL WORK 


1. Examine some living specimens of Chlamydomonas mounted 
in water imder the microscope and note their tactic movements. 
Obtain a plentiful supply of these plants and keep them in a jar of 



water in a window. Note that after a time the side of the Jar 
nearer the window is perceptibly green, whereas the opposite side 
is not. Discuss this. 

2. Place a potted plant on its side and leave it for some time 
turned towards the light. After a time, the shoot turns upwards. 


th/ck 



Fig. 318. Experiment fob demonstrating Positive 
Phototropism in Shoots. 


Discuss this, and explain why, in order to demonstrate negative 
geotmpism thus, it is necessary to turn the plant towards the light. 

3. Germinate three bean seeds and, when their radicles are 
about half an inch long, fix them all by means of pins to a piece of 
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cardboard or sheet cork, taking care that the pins do not pierce 
the embryo. When fixing them, arrange one radicle pointing 
downwards, the second horizontally and the third upwards. Then 
place the sheet upright in a jar of -water and cover wdth a piece 
of w^ood or cardboard (Fig. 309). 

Put the apparatus in a dark place and after about two days 
examine and draw the results. What conclusions are to be obtained 
from these results ? 

4. Perform a similar experiment, but in this case cut off the tip 
(about |-1 mm. back) of each radicle. 

Compare the results obtained with those of Experiment 3 and 
discuss, from these combined results, the phenomena of stimulus, 
perception, transmission and response in plants. 



Fig. 319. Experiment for demonstrating Positive 
Hydrotropism in Roots. 

5. Fix up the apparatus as shown in Fig. 317. This apparatus 
is called a klinostat. Since the axis is fixed to the axis of the 
minute hand of the clock, the seedling is kept moving in a 
vertical, circular path. Note that as a result the shoot does not 
turn up, nor the root turn down. Explain this with reference 
to the stimulus of gravity. 

6. Germinate some wheat grains in damp saw^dust placed in a 
saucer. After the shoots are about two inches high, place them in 
a dark box, lying on its side. Then cover the end of the box wdth 
stout brown paper, wdth the exception of a narrow^ slit (Fig. 318). 

Place the box wdth the slit turned towards the light, and leave 
it for about twn days. Then examine the seedlings and discuss 
the phenomenon of positive phototropism from the result obtained. 
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7. Demonstrate positive phototropism in the shoot and negative 
phototropisin in the root of white mustard. 

Fix up tlie seedlings as shown in Fig. 313, then place the whole on 
a vessel of water culture, with the root in the water. Then place 
the whole apparatus in a box illuminated at one end as described 
in Experiment 6. 

After about two days draw and discuss the results obtained. 

8. Demonstrate positive hydrotropism in roots. 

Fill a small, rather coarsely meshed sieve with damp sawdust 
Then sow some cress seeds in the sawdust, and when the radicles 
are beginning to protrude through the meshes, suspend the sieve 
obliquely (Fig. 319). 

After a few days, note the results. Since more water will be 
found at, the lower end of the sieve the roots grow towards it. 

Fielb Work 

Examples of nastic movements are best observed either in the 
garden or the field. As many types as possible should be examined, 
and drawings made of the examples in various positions. ’ 


CHAPTER XXIII 


THE PLANT AND ITS SUEBOUNDINGS 

To know the relations which exist between a plant and its sur- 
roundings (or environment), both, below the soil and above it, is a 
great help in appreciating why the plant grows best in a certain 
locality and on a certain soil, and it is an absolute necessity in the 
cultivation of plants ; whether extensively as in agriculture, or 
intensively as in horticulture. 

Soil 

In the normal land-growing (terrestrial) plant — and this in- 
cludes nearly all the important plants from man’s point of view— - 
the soil forms the environment of the roots. 

Soil which covers most of the land above sea-level is formed 
from the rocks on which it is immediately situated. In its 
original state, the land was composed of nothing but bare rock. 
Of course, some such rocks are seen exposed even to-day. By 
various means, which will be examined shortly, the rocks have 
crumbled or eroded, thus producing the soil particles. Naturally, 
various soils are produced according to the various rocks from 
which they are formed. 

As one would expect, there is no hard and fast line between the 
top soil and the rocks beneath, from which it has been formed. 
However, between the real top soil and the rocks there is usually 
a more or less definite layer composed of stones intermediate in 
size between the large boulders of the rock and the very much 
smaller soil particles. This layer is referred to as the subsoil. 
The three layers, (a) rock, (5) subsoil, (c) soil, can be easily 
distinguished where it is possible to examine the soil in 
profile, such as on the edge of a quarry or the top of a cliff 
(Fig. 320). 
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The soil and the subsoil layers vary considerably in different 
localities, the thickness of soil being dependent upon the hard- 
ness of the rocks and the amount of erosion that has taken place. 
Usually the thicker the layer of soil, the more fertile it is from the 
point of view of plant production, wild or cultivated, since it is 
only in the soil that the roots are able to find the necessary water, 
air and humus. 


Fig. 320. Photograph of a Quarry, showing the Bock, 
Subsoil and Soil. 

{By courtesy of the Director, Geological Survey.) 

Erosion of rocks, resulting in the formation of soils, is de- 
pendent upon several factors. The main factors are those con- 
cerned with the weather ; and their effect is often referred to as 
weathering. Rain, sun and frost all play their part. For 
example, the rain gets into the crannies of the rocks ; then along 
comes the frost. This causes the water to freeze, which, as is 
well known, results in an increase in volume. This has the effect 
of pushing the pieces of rock apart. It can be shown in the case 
of a piece of limestone, which is fairly soft. If limestone is 
covered with water and then put out into a frosty air and left for 
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gt few days, the surface will be found to be covered with a fine 
powder which is nothing but very fine limestone particles 
similar to those in a limestone soil. 

Growing plants and animals also help in the making of soil. 
Charles Darwin showed that earthworms are very effective in 
bringing up soil particles from the lower layers to the surface, 
thus very effectively turning the soil as it is turned in digging 
and ploughing operations. In the lawn of Darwin’s home at 
Dowme in Kent, there is a round stone which has sunk some con- 
siderable distance in the soil. This stone was originally placed 
on the surface of the lawn, and Darwdn showed that its sinking 
in the way that it has (it can still be seen there sunk several 
inches in the soil) was due to the activity of earthworms in the 
soil. . The worms, which get their nourishment by eating soil 
and then discharging it again after having absorbed any nourish- 
ing humus in it, have brought the soil up from beneath the stone 
and deposited it around the stone. Hence its having sunk some 
considerable distance into the soil. 

Composition of Soil 

As has already been seen, the roots of the plant require water , 
air, and organic matter or humus from the soil. The average 
garden soil which may be considered a rich one should contain 
the following ingredients, the numbers representing percentage 


* Rock particles - - 40 

Water - - - - 25 

Air - - - 25 

Humus - - 10 


The rock particles constituting the actual soil vary in size 
according to the rocks from which they have been formed. The 
three most common rocks which aid in soil formation are sand- 
stones, clays and limestones. The average soil, of course, is 
composed of a mixture of these, the percentage of each varying 
with different localities. Then, in many cases, the soil is further 
characterised by the presence of other substances. For example, 
the very w’'hite, limy (or calcareous) soils of Kent and Sussex are 
due to the presence of chalk. The red soils of Devonshire and 
certain parts of Somerset owe their colour to the excess amount 
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of iron salts in tlie soil, and the fact that they are formed from 
red sandstone. Soils very rich in humus are usually dark in 
colour. Soils containing a great deal of lime are alkaline in 
reaction, whereas those which contain excess water and humus, 
such as bogs and marshes, are very acid in reaction. All this is 
important from the point of view of the plants which will 
colonise these soils, for certain plants must have very acid soils, 
wdiereas others must have limy soils, etc. 

The largest particles in the soil are the stones and gravels . With 
too many such large particles, the soil would be very poor, since 
they cannot retain water. Sand forms very coarse soil particles. 
Clay, on the other hand, is composed of very fine soil particles. So 
coarse is sand, that a mass of such particles will not hold together 
unless saturated with water, and then not very firmly. On 
the other hand, a mass of clay particles hold together very 
tenaciously, forming a plastic mass. Intermediate between soils 
and clays are those particles called silt. 

A typical soil contains a certain percentage of all these various 
soil particles, the percentages varying with different localities. 
A soil which contains chiefly sand and silt, with about 6 per cent, 
of clay, is called a sandy soil. If it contains more than 25 per cent, 
of clay it is said to be clayey. Between the two, we have the 
more common type of soil, with plenty of sand and of clay. Such 
a soil is called a loam. Sir John Russell gives the following as 
being a typical loam : clay, 6-15 per cent. ; silt, 40-60 per cent. ; 
and sand, 20-50 per cent. If an exceptional amount of calcium 
be present in the soil in the form of calcium carbonate, such as 
limestone or chalk, the soil is called a marl. A marl is usually a 
rich soil, since the calcium it contains serves a double purpose. 
First, calcium is one of the raw elements required in the plant’s 
nutrition. Secondly, calcium carbonate is an alkali and thus 
prevents the soil from becoming acid or sour. 

It is comparatively easy to tell whether a soil is acid or alkaline. 
In the case of marls, the reaction will clearly be alkaline. The 
presence of the limestone can easily be detected by adding a few 
drops of concentrated acid, such as hydrochloric, to some of the 
soil. The reaction with the excess amount of calcareous alkali 
can easily be seen by the effervescence which takes place . A very 
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acid soil, wliicli clearly contains no limestone, is very often cle- 
tected by collecting some soil water and testing with litmus. 

Clay is colloidal in nature and therefore has a very high water- 
retaining capacity. Drainage from clayey soils, therefore, is very 
difficult. Naturally, holding the water so tenaciously as a 
clayey soil does, it is very badly aerated and is heavy. Also, 
since it is saturated with water, it tends to remain cold. There- 
fore, a very clayey soil is heavy, badly aerated and water -logged. 
Crops grown on such soils are usually poor and slow to ripen. In 
agriculture and horticulture such soils are very often improved 
by adding larger particles such as sand or ashes from coal and 
coke fires. 

Sandy soils are the reverse. They allow an easy percolation of 
water and therefore remain very dry, sometimes too dry. They 
are also very well aerated and therefore extremely light. Crops 
grown on very sandy soils sometimes suSer from the want of 
water, etc., so a sandy soil is really not much better than a clayey 
soil, although it is the reverse in composition. Such soils are 
usually improved by adding heavy farmyard manure, for with 
such easy water drainage through a sandy soil, the leaching of 
mineral salts goes on at an excessive rate. 

It is quite clear that, on the average, loams are the best soils 
for crops, etc. A rough mechanical way of showing the constitu- 
tion of a loam is to stir a little of such soil in a beaker or glass 
of water. The heaviest sandy particles will soon settle to the 
bottom of the glass. Closely following the sand will be the silt 
which will settle above it. The clay particles, on the other hand, 
being very small and colloidal, will remain suspended in the 
water, whereas the actual humus will float. The alkalinity or 
acidity can then be examined by testing the reaction of the water. 

The size of soil particles has a great effect on the physical pro- 
perties of the soil, and this is important, since a great deal, from 
the plant’s point of view, depends upon the physical nature of 
the soil. 

The colour of the soil is an important physical property, for a 
dark soil absorbs more heat from the sun’s rays than a light soil 
does. Thus, the temperature of a dark soil is higher than that 
of a light soil under similar conditions. The temperature of the 
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soil is also affected in two other important ways : (a) degree of 
slope towards or away from the sun, for the more the soil slopes 
towards the sun, the warmer it becomes ; (b) amount of evapora- 
tion of water from the soil. Evaporation from a surface has a 
cooling effect on the surface, therefore the more the evaporation 
takes place, the cooler does the soil become. Naturally, a very 
loose, sandy soil has a much higher degree of evaporation than a 
compact clayey soil. 

The rate of passage of water through the soil is also of great 
importance. As was seen in Chap. VIII, the soil water is usually 
present on the surface of the soil particles . Now, passage through 
the air channels is due to the process of capillarity. It can easily 
be shown that the smaller the bore in a glass tube, the greater is 
its capillary attraction. Place several tubes, with very small, 
but varying bores, standing in water. By capillarity, the water 
will pass up the tubes, but the height to which it rises varies in- 
versely as the diameter of the bores of the tubes. Therefore, the 
smaller the diameter, the greater the capillarity. Thus, in soils, 
passage of water will be greatly affected by the soil particles. 
The smaller the particle (for example, clay) the smaller the air 
spaces, and therefore, the greater the capillarity. The result is 
that water moves upwards by capillary attraction much more 
quickly in a clayey soil than in a sandy one. 

The physical properties , (such as size of particles), chemical 
properties (such as water-content, manure), and biological pro- 
perties (such as the soil bacteria) of soils are all of the utmost 
importance to plants. So also are the conditions to which the 
shoots are subject, such as meteorological (weather) conditions, 
temperature, light and so forth. 

Plant Environment 

A wild plant has no choice in the situation in which it shall 
grow, that is, its habitat. If it is fortunate enough in arriving, as 
a seed, at a suitable habitat, then it thrives ; if, on the other hand, 
it finds itself in an unsatisfactory habitat, then it either perishes 
or is badly developed. With cultivated plants things are different, 
for cultivation means that the plant is assured of a suitable habi- 
tat, then, once it has developed, the conditions are kept suitable, 
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aitificially by man, so far as he is able. For example, soils are 
Biaiiured, they are ploughed, hoed and harrowed, and water is 
Biipplied when there is insufficient rain. It is not so easy to supply 
suitable temperatures outside, but it can be done in the green- 
house ; and even soil temperatures are controlled in some cases, 
sueh as in mushroom cultivation, by heating the soil by elec- 
tricity or steam pipes* Light intensity, too, is not easily con- 
trolled, though in the case of some valuable plants this is done 
by a system of artificial electric lighting. In controlling condi- 
tions, man has been able to make plants grow^in situations which 
otherwise would be unsuitable for them. 

In Nature, such conditions cannot be controlled. Therefore 
we find that certain plants are suited to one type of habitat, but 
not to another, and vice versa. The study of naturally growing 
plants with relation to their environment is called ecology. 

Mesophytes 

There are some plants which definitely change their mode of 
life and structure in order to adapt themselves to an exceptional 
environment. The majority of plants, however, do not de- 
finitely change their structure, but, for some reason or other, 
prefer one habitat to another. Before studying the various 
habitats of the more normal plants (wffiich are called meso- 
phytes), a few of the specially adapted plants are worthy of 
attention. 

Epiphytes 

Some plants, instead of growing on the soil, that is, instead of 
leading a terrestrial mode of fife, grow on the branches and in the 
axils of trees, and on palings, gates, dry walls, etc., thus being 
completely raised above the soil. Plants which grow on trees 
in this way ai*e said to be arboreal. 

Such plants are termed epiphytes. In Great Britain and other 
temperate countries, epiphytes are represented only by certain 
Algse, such as on the bark of trees, many lichens and 

some mosses; It must be remembered that epiphytes are not 
parasites,' like the mistletoe, for they only treat the tree, etc,, as 
a support, and not as a source of nutrition. 
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In tropical countries, especially in the luxuriant vegetation of 
the jungle, many flowering plants are epiphytic. Many orchids 
are (Fig. 43). They cling to the supporting branch of the tree 
by means of short roots -which twine round it. Many of these 
plants have special methods of collecting water. The commonest 
one is by means of long aerial roots (see Chap. VIII). In the 
Tropical House at the Royal Botanic Gardens at Kew, many 
of these long aerial roots can be seen suspended from the 
epiphytic plants growing on the tropical trees there. The 
necessary mineral salts are usually obtained by epiphytic plants 
from the humus of dead leaves which collects round them. One 
very interesting epiphytic tropical fern is that called DiscMdia 
rafflesiana. In this plant, some of the leaves are normal foliage 
leaves ; whereas other leaves form pitchers. Into these pitchers 
the water given off by transpiration (and this is given off, since 
the pitcher is a modified leaf, which is the chief organ of trans- 
piration) is condensed, and collects as liquid water in the pitcher. 
Down into this pitcher a branching root of the same plant grows, 
and is thus able to absorb the condensed water. It is also able 
to obtain a certain amount of nitrogenous matter, since these 
pitchers harbour ants which, when they die, supply a nitrogenous 
humus. 

Xerophytes 

Xerophytes are those plants which have specially adapted 
themselves to growth in .habitats where water is very scarce. 
The majority of desert plants, such as cacti, are xerophytic. 
Pine trees also are subjected to physiologically xerophytic con- 
ditions, since the water supply is often frozen and then unavail- 
able. The various methods of adaptation, both with regard to 
the storage of water and the prevention of excess transpiration, 
have already been examined (Chap. XII). 

Hydrophytes 

Special peculiarities in structure are found in plants which 
grow in water (called hydrophytes) . The maj ority of them, such 
as the bladderwort and water milfoil, are able to absorb water all 
over their surfaces. The required gases, oxygen and carbon di- 
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oxide, are absorbed from tlie surrounding water in solution, just 
as in the case of seaweeds, etc., which are submerged in the sea. 

Many hydrophytes have their leaves floating on the surface of 
the water, such as in the case of the water-lily (Fig. 321) and 
Potamogeton, The adaptation of the leaves to this habit, 
especially with regard to the position of the stomates, has already 
been considered. Plants with floating leaves absorb and give 
off their necessary gases in the gaseous state, and not dissolved 


Fig. 321. Yellow Water-lily. 
(Photo. Menty Irving.) 


in water. Therefore their stomates must be in contact with the 
atmosphere. That is why they are on the upper surface of the 
leaf. But such leaves run the risk of being flooded with water, 
especially when the level of the lake or river rises. Certain 
adaptations are sometimes utilised to prevent this. For example, 
the floating leaves of have very long stems which 

thus allow for changes in water level. The petioles of the floating 
leaves of certain tropical hydrophytes are shaped Tike a cork- 
screw, and therefore, in order to remain floating, stretch or 
contract according to the rise or fall in water-level. 

A very exceptional type is seen in the tremendous leaves of the 
tropical hydrophyte, Victoria Tegmyixom the Amazon. This 
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plant is often cultivated in botanic gardens. There is a special 
Victoria regia house at the Royal Botanic Gardens, Kew, where 
the plant can be seen. It can only be seen at certain times of the 
year, since it is an annual. In this case, the floating leaves are so 
large as to be able to support a baby. Flooding over the top of 
the leaf is prevented by a vertically growing margin, which is 
2 to 3 inches high, thus making the leaf look like a floating tray 
(Fig. 322). 


Fig. 322. Victoria regia, showing' the Lahge Leaves with 
XJ pcuBVED Margins. 


Certain hydrophytes grow in shallow water, in which case 
some leaves grow below the surface of the water, whereas others 
grow upright above it. The latter are in normal conditions, 
and therefore normal in structure. The former, on the other hand, 
are modified according to their submerged position. For 
example, stomates would be useless to them, so they have none. 
Also, they have to cope with the currents of water which might 
easily tear them. How completely submerged leaves adapt 
themselves to this contingency we saw in the case of the bladder- 
w’ort in Chap. XV. In this case, the leaves become finely 
divided. In the case of plants with submerged leaves and also 
leaves above water, the submerged ones only become divided. 
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Thus, in such plants, there are two types of foliage leaves in one 
and the same plant. Two common examples of this in Great 



Fig. 323. Arrowhead, with Arrow-shaped Aerial Leaves, 
AND Ribbon-shaped Submerged Leaves, 

(After Figuier.) 


Britain are the arrowhead (Sagittaria sagittifolia) {Fig. 323), 
with upright leaves bearing an arrow-shaped petiole and sub- 



Fig. 324. Water Croweoot, with Lobed Floating Leavi^ 
AND Filamentous' Submerged Leaves. 

(After Figuier.) 


merged leaves, long and ribbon-shaped ; and the water crow'-- 
foot {Ranunculus aquatilis) (Fig. 324), with lob«i upright leaves 
and finely divided submerged leaves. 
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Owing to the difficulty that hydrophytes experience in obtain- 
ing air for respiratory purposes, the tissues of the stems, roots 

and leaves often become full of very 
large intercellular spaces, usually 
in the cortex of the stem and 
roots. These large intercellular 
spaces act as air chambers, and 
such aerated tissue is usually called 
aerenchyma. Such tissue is com- 
mon in the petioles of the water- 
lilv, Potamogeton, and marestail 
(Fig. 325). 

Plants growing in swamps may be 
considered as semi-hydrophytes, 
since their roots are subjected to 
water-logged conditions. Many such 
plants produce respiratory roots, 
which grow up into the air (Chap, 
VIII) in order to allow gaseous exchange. Such respiratory 
roots are clearly unusual in being negatively geotropic. 

Halophytes 

Quite a number of flowering plants are capable of living near 
the coast where the soil is periodically swamped with sea-water, 
and several flowering plants are capable of growing in shallow 
sea- water. Such plants, thus adapted to salt water, are called 
halophytes. Between Mgh-tide mark and the sand dunes further 
inland may be found the sea rocket, saltwort (Fig. 326), etc, ; all 
are halophytes with succulent leaves. Further towards the sea, 
where the soil is constantly saturated with sea-water, may be 
found the glasswort, which has very minute leaves but thick, 
fiesiiy, jointed stems. The reason why such halophytes bear 
succulent organs is that the high concentration of the sea-water * 
makes osmosis very difficult. Thus, such plants have to store 
what water they can get. The branched stems of the glasswort 
can absorb dew and rain-water readily. 

Of the utmost value to man are certain halophytic grasses. 
These are capable of growing in salt marshes, and they grow so 



Fig. 325. Photomicbo- 
GBAPH OP Transverse Sec- 
tion OF Marestail. 


Ep,^ epidermis ; Ctx., cells 
of cortex ; int.^ . intercellular 
air space in cortex ; C.C-, 

central cylinder ( x 2J). 

{T, D. T. Hall.) 
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prolificall}^ tiiat finally the marshes become dried up, and their 
levels raised, owing to the tremendous activity of the plants in 
forming humus from their own dead bodies. In Europe, one 
halophytic grass called Spartina stricta occurs in the salt fiats of 
southern England, and in the Mediterranean coasts. In the 
salt marshes around Southampton is another called 
altermflora, where it was introduced by ships from America. 
There it is colonising the marshes so much, that certain parts 
around Southampton, which were once 
marshes, are now dry land. 

The most efficient halophyte in colon- 
ising salt marshes is the rice grass, 

SimrUna Townsendii. This halophyte 
originally grew around Southampton, 
but now it has spread along the mud 
flats of the southern coast, and is chok- 
ing up certain parts of Poole harbour, 
in Dorset. Rice grass is being used for 
reclamation of new land from the sea. 

This is the case in Holland, where, since 
1924 , when the plant w^as definitely intro- 
duced for the purpose, it has grown so 
prolifically, that acres of land, previously 
salt marshes or actually under the sea, 
have been reclaimed and now used for 
agricultural purposes. The rice plant is halophyteT*^*"^ 
doubl}?' useful in this respect, since not 
only will it help in speeding up the process of land reclamation 
for agriculture, but it is also a good food itself for farm animals. 

Competition and Colonisation 

The study of the social life of plants can be made a very ex- 
tensive one, taking in the examination of the distribution and 
inter-relationships of plants throughout the world, or it may be 
a very intensive one, merely involving certain well-defined 
areas. The extensive study is referred to as plant geography, 
whereas plant ecology involves a detailed study of definite, 
small areas. 



Fig. 326 . Saltwort. 
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One very important thing to realise is that plants in their wild 
or native state have scarcely any choice in their home or habitat. 
In this they differ from cultivated plants. The former have to 
trust to chance in finding a suitable home ; the latter have a 
suitable home made for them. 

It stands to reason that on any one piece of ground, thousands 
of plant seeds must fall in a year, yet it is clear that only a few 
actually take to the soil and grow. If it is a barren, infertile soil, 
with poor particles, a low mineral content, bad exposure and 
unsuitable climate, few plants will succeed. Thus, with regard 
to the invasion of soil by seeds, many are called but few are 
chosen.” The rest of the seeds perish. Thus is there great 
mortality in the plant kingdom every day. 

One excellent method of studying colonisation by plants, is to 
watch the gradual invasion of a newly exposed piece of soil. Of 
course, in Great Britain, this is not very easy ; yet one can get a 
great deal of information concerning the colonisation of plants 
by studying the newly made banks of roads and railway cuttings. 
The study may extend over several seasons, and the type of 
plant, the time that it arrives, the percentage of different plants, 
etc., duly noted. 

In such cases, plants which develop quickly from spores, and 
not seeds, are the first arrivals. Spores are produced by many of 
the simpler types of plants, such as Algae, Fungi, mosses, liver- 
worts and ferns. These usually arrive first, since spores are very 
small^ — microscopic, in fact — and are easily carried in the air. 
Next come the ephemeral and annual flowering plants common 
to the neighbourhood. A community of plants thus produced is 
still not very closely packed and, since it has no definitely estab- 
lished perennials, it is still open to newcomers. It is therefore 
called an open community. 

Then along come more hardy perennials such as certain'* 
grasses, thistles, plantains, dandelions, etc., and competition is 
set up between the plants, because, by now, the community is 
becoming overcrowded. Then the weaker plants are choked 
out and die, and the hardier ones become more firmly estab- 
lished. Finally, only those plants which are 'suited to that soil 
and climate remain, and then the community is said to be closed. 
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Such a closed community of plants living quite in harmony with 
each other, allowing only those newcomers which can compete 
with them to remain, and choking out any newcomers that can- 
not compete, or are otherwise unsuited, is then called a plant 
association. 

Thus plants fight amongst themselves for a place in the sun. 
But there is also competition among their roots for a place in 
the soil. It is amazing sometimes how far the roots of trees will 
penetrate the soil ; some roots go down more feet than the top- 
most shoots are high. The root competition is chiefi}^ due to the 
search for an adequate water supply. 

It has been shown experimentally that apple trees planted 
40 feet apart yielded 43 bushels more fruit to the acre than trees 
planted 30 feet apart. This is interesting from the point of view 
of plant accommodation in both air and soil. 

Plant Associations 

There are many types of closed communities of plants, or 
plant associations, in Great Britain. Several associations are 
very often found together, bound by some common bond of 
habit and habitat. For example, a sand dune, salt marsh, moor, 
etc., each have their collection of plant associations. Such a col- 
lection of associations is called a plant formation. 

The examination of a plant formation and its constituent 
associations makes interesting study. The most valuable in- 
formation concerning this branch of plant ecology in Great 
Britain has been contributed by Professor E. H. Yapp and also 
by Professor A, G. Tansley and Professor E. J. Salisbury. 

There are several methods of study. One is to examine a 
rather large area. Then obtain a blank map and shade in witii 
various colours the different types of vegetation, such as wood- 
land, scrub, meadowy hedgerows, moor, marsh, water, cultivated 
land, etc. Then this should be correlated with the physio- 
graphy , the geological formations, the weather and types of 
animals, etc,, all of w^hich have certain effects. 

A more intensive study is that referred to as the quadrat chart 
method. This can only be applied to a much smaller area. In 
this case a rectangular area is marked out on the land by tapes. 
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This is then divided into smaller squares by tapes or string, then 
the whole thing represented on squared paper. 

A more picturesque method applicable especially to a hedge- 
row, edge of a wood, river bank, etc., is that called the transect 
method. This involves drawing a section through the habitat 
to be examined, then representing the various types of plants 
along the section. 

It must be remembered that no plant association or formation 
is absolutely stable. There are certain factors which decide what 
type of plant shall constitute it in the first place, such as nature 
of the soil, climate, etc. ; but then there are other factors such 
as disease epidemics, useful and harmful animals, which come 
along afterwards and modify it. 

Such factors are so numerous that it would be difficult to name 
them all. Also, whereas one certain factor may be very potent 
in one plant formation, it may be entirely absent in another. 
However, certain factors are rather general. Climatic factors, 
for example, are very important. These comprise chiefly con- 
ditions of moisture, temperature and light. Physiographic 
factors depend upon the shape of the country, mountainous or 
flat, etc. The chemical and physical nature of the soil form 
certain very important factors for several clear reasons. Such 
factors associated with the soil are called edaphic factors. 
Finally, a very potent factor in nearly all cases is the biotic 
factor. This involves the influence of other forms of life, plant 
and animal. For example, a beech tree casts a very dense shade. 
The result is that in beech woods very little ground vegetation 
may be found. Therefore the beech trees are a biotic factor. 
Many animals form a biotic factor. Some give manure and 
therefore form a useful biotic factor ; others eat the plants of the 
formation and are thus a harmful one. Man himself is a biotic 
factor even where wild plants are concerned. This is well seen in 
the forests where lumbering goes on. 

It is impossible to study all plant associations, therefore one is 
always well advised to examine those within easy reach. A 
written description of any type of plant association can, of course, 
be no more than a guide to practical study. There is little to be 
gained from merely reading about such things, and very little 
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interest. On the other hand, to get out into the country with 
notebook and drawing book hoids an almost indescribable 
fascination, which no amount of reading can supplant. It is 
proposed, therefore, merely to give a brief idea of the nature of 
the most easily available plant associations and formations, and 
to leave anyone interested to get the fundamental information by 
his own practical efforts. 

First, it is quite clear that in no plant association is there an 
equal quantity or distribution of plants. Also, the plant 
members of any one association do not all develop at the same 
time. Thus, in examining an association, several studies should 
be made at different times of the year. First of all one should 
begin with a note of the type of country. Dates when examined 
should be stated, and a detailed study of the factors, especiall}?' 
edaphic and climatic, should be made. At all times the ratio 
and distribution of plants within the association should be 
thoroughly investigated. 

For example, one, two or perhaps even three plants form the 
most important members of a plant association. These are 
called the dominant plants. The dominants very often help to 
answer the question of why are the others such as they are, for 
dominants are often biotic factors to the other members of the 
association. This may be seen in a beech-wood association. 
Here, few herbs are found growling on the soil. Why this is can 
be answered by the dominant beech, for it is such a dense tree 
that it casts a shade and prevents light-loving plants from growl- 
ing beneath it. Very often, closely associated with the domi- 
nant plants are others which are almost as common. They 
are then said to be subdominant. Less common again, but 
evenly distributed throughout the association, are other plants.. 
These are said to be distributed. Much less common again 
are those plants said to be occasional, and the sparsest of all are 
classified as rare. 

Woodlands 

Very familiar plant associations in Great Britain are the 
woods. There are several types of wood associations in this 
country. In the highest altitudes are wood associations with 
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pine or birch as the dominant plants. At lower levels are two 
types, depending chiefly on the type of soil. On the lower hills 
with a sandy soil are the dry oak woods, whereas on a clayey 
soil are the damp oak woods, containing many hazel trees as 
subdominants. On the limy soils at the same levels are beech 
woods and the ash woods. On the plains, that is, the lowest levels 
of all, the woods are chiefly a mixture of oak and ash, whereas on 


Fig. 327. Oak Wood in Spring. 

The surface is a carpet of bluebells, and the grass is soft-grass. 
{Photo. IF. B. Crump.) 


the very damp soils at such levels the woods are smaller, being 
composed chiefly of alder and willow. 

In all the cases of wood associations mentioned, the trees form 
the dominant plants. They act as biotic factors in different 
ways so that each type of association has its special subdominant, 
distributed, occasional and rare plants. For example, the beech 
wood is very dense, but usually well manured with the humus 
formed of fallen leaves. Subdominant on its edges is the 
bluebelL Distributed throughout is the bird’s nest orchis, a 
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sapropliy tic flowering plant which clearly will not sutler from 
the dense shade. In the dry oak wood, high up on the hills, sub- 
doininants are gorse, ling and bracken. In the dry oak wood of 


Fig. 328. Oak Woon in Summer. 

The subdominants are foxglove, male fern, lady fern and soft-grass. 
{Photo, W. B. Grump.) 


lower levels, the subdominants are holly, anemone and bluebell, 
with the foxglove well distributed (Kgs. 327 and 328). The 
damp oak wood is mxich more shaded and the herbaceous 
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Fig. 329. Wood -Sorrel, a shade«loving Plaot 
(Photo. Henry Irving.) 


being composed of some, or all, of the following : hawthorn 
hazel, maple, bramble, blackthorn, willow, holly, etc. The bank 
of the hedge shows more variations. At the top are plants which 
have to contend with a certain amount of shade. These may be 
chmbers which can scramble to the light, such as the bramble 
wild rose, clematis, goosegrass (Fig. 330), bindweed, honev- 
suekle, bryony (Fig. 331), and various vetches. They have dif- 
ferent means of climbing, which are worthy of study. Other 
p ants which can fight the shade of the top of the bank are those 


undergrowth is represented best by wood sorrel (Fig. 329) 
wood geranium, violet, woodruff, etc. » ;, 


Hedgerows 

The hedgerow forms a very interesting plant formation, since 
there are several levels to examine, comprising chiefly the hedge 
itself and the bank. The hedge itself varies in different parts, 
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with very long, erect stems, such as stinging nettle, deadnettle, 
certain grasses, hedge mustard, garlic mustard, stitchwwt, etc. 
Finally, there may be plants which prefer the shade, such as 
certain ferns, garlic, wild arum, enchanter’s nightshade, fox- 
glove, primrose, ground-ivy, germander speedwell, sweet and 
dog violet and a host of 
others. 

On the slope of the bank 
the light is abundant. 

Here, therefore, we find 
prostrate plants such as 
creeping buttercup, wdld 
strawberry, etc., and ro- 
sette plants, such as daisy, 
dandelion, plantain, etc. 

For obvious reasons, the 
vegetation of a hedgerow 
is very similar to the inter- 
mediate plant association 
found at the edge of a wood. 

Meadows 

In the majority of 
meadow associations the 
dominants are usually 
grasses, such as perennial 
rye grass (Fig. 332), mea- 
dow fantail (Fig. 333), and 
meadow fescue, together 
with white clover (Fig. 

334:). In various meadows, certain subdominants may be found 
according to the soil structure and composition. These may be 
daisy, buttercup, cowslip, sorrel, ox-eye (or moon) daisy, etc. 

Lawns and arable land are associations closely related to 
meadows, with the exception that in these the dominant plant 
or plants are cultivated. Usually, all other plants, subdominant, 
distributed, occasional or rare, in such associations, are weeds. 
A weed is any kind of plant which grows where it is not w^anted or 


Fio. 330. Goosegbass, climbiko tjb 
Nettbes IN A Hedge. 

(Photo. Henry JfPing.) 
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is a nuisance. Many meadows have their weeds, since the 
meadows are required for the production of hay. Any plant 
growing in such a meadow which will spoil the hay is therefore 
a weed. Such weeds are chiefly the ox-eye daisy, sorrel, bitter 
buttercup, thistle, etc. 


Hawthokn Hedge covered with Black 
Bryony and Bramble. 

{Photo. Menry Irving.) 


On cultivated lawns the dominants are various grasses. The 
most troublesome weeds of such associations are the rosette 
plants such as dandelion, daisy and plantain. * The yarrow 
and creeping buttercup also form troublesome occasionals. 
On cultivated arable land, the weeds are all too familiar to the 
farmer and gardener. In gardens, the chief are groundsel, lesser 
bindweed, chickweed, thistles, and dandelion. In cornfields they 
are the same at the early stages of cultivation. Later, along come 
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the chaiiock and crowfoot, and later still, the poppy and corn- 
cockle. 

The eradication of weeds is still done chiefly with hand and 
hoe. Sometimes poisonous chemicals are used. Then in cer- 
tain cases, spraying is resorted to. For example, stinging nettles 
can be got rid of from meadows by spraying with a 1 per cent 
solution of sodium chlorate. Another simple method of getting rid 
of the same weed, recently 
recommended to farmers 
by the Ministry of Agricul- 
ture, is to place a feeding 
trough or rock-salt lick 
in the middle of the net- 
tles. In getting at these, 
cattle trample down the 
troublesome nettles very 
efficiently. 



Aquatic 

and Semi-Aquatic 
Associations 

Marshes, ponds and 
streams have very charac- 
teristic plant associations. 

The diagnostic features of 
some of these plants have 
already been examined 
with relation to their hy- 
drophytic habit. 

In a marsh (Fig. 335) 
the soil only is water-logged, therefore only the roots and 
rhizomes of the plants are affected by the excess w^ater. In 
some marshes the dominant is the osier willow, whereas in others 
it is the rush. Subdominant and distributed include bur’weed, 
meadowsweet, ragged robin, wild iris (flag), marsh marigold, 
marshmallow, water mint, water forget-me-not, etc. 

Between the marsh and the pond or stream proper, comes 
an intermediate formation, commonly called the marginal 


Fig. 332. Perennial Rye Grass. 
(Copy right, SuUon and Sons.) 
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association. This formation can often be divided into three zones 
or associations, which merge into each other, provided the slope 
of the land towards the open water is a gentle one. The first zone 
is that nearest dry land. Here, only the roots are subjected to 
water-logged conditions. The members of this zone are similar 
to those of the marsh, together with others that are dominant 

or subdominant, such as 
reeds, bulrushes, common 
rushes, sedges, horsetails, 
watercress, etc. This shore 
association is often called 
a reed-swamp association. 

The next association is 
that intermediate between 
this reed-swamp associa- 
tion and the complete 
water association. In it, 
plants which are rooted 
in the soil, with parts of 
their stems submerged 
but leaves and flowers held 
above the water or floating 
on it, may be found. Such 
plants are the arrowhead, 
water crowfoot, Potamo- 
geton, water-lily, etc. 

In the third associa- 
tion, the plants areentirelv 
submerged. The most 
common types found here are Canadian pondweed (Elodea) 
and tape grass {Valliswria). Elodea is of particular interest 
owing to Its prohfic growth. It can reproduce itself by a 
very simple means of vegetative reproduction. Any small 
branch, if broken off, will reproduce a new plant. So prolific 
is this, that once Elodm establishes itself in a suitable pond, it 
soon chokes up the pond, unless it is periodically cleared out. 
That is why this plant is such a nuisance in water- works, etc. 
The great rate at which it can vegetatively reproduce itself can 



{Copyright, Sutton and Sons,) 
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be realised when one knows that before 1841 it was quite unknown 
in Engiand. Now it is one of the most common and prolific 
water plants throughout the country, and also Scotland and 
Wales. Actually it is a native of North America and Canada 
(hence its full name of Elodea canadensis). Then it was 



Fig. 334, White Glover, a good Fodder Plant. 
{Photo. Henry Irving.) 


mysteriously introduced into Co. Down in Ireland in 1836 and 
in England in 1841. To-day it is common in nearly every lake 
pond, stream and ditch of the islands. 

Heaths and Moorlands 

The heath association may be found on moorlands, especially 
in Scotland, Yorkshire, Lancashire, and certain parts of Devon, 
Somerset, Kent, etc. The dominant is the ling (commonly calied 
heather). In Scotland, other dominants are the true, or bell, 
heather, the bilberry and (in certain parts) the cross-leaved 
heath . Most heath plants are much exposed and therefore have 

B>' 2 ' B.E.B., 
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certain xerophytic adaptations. The heather, for ex 
rolled leaves. A local subdominant is the gorse which, 
already seen, is xeroph 3 rtic. Other local dominants a 
grass and bracken (Fig. 336) . Occasionals are represei 
pine. 


Fia. 335. A Typicai, Maksh. 

This contains branched burweed, osier willow, marsh stachys mint 

lorget-me-not, willow herb, polygonum and grasses) 

Real moorland associations differ from the heath in that they 
have a great deal of peat in the soil, which is usually very acid. 
Peat is formed chiefly by the accumulation through hundreds 
of years of Sphagnum, the peat moss, common in certain parts of 
Somerset and especially in Ireland. The dried peat forms a kind of 

fuel. HigherupjWetmoorlandassociationsoftenhavecottongrass 

(which is not really a grass) as the dominant. This cotton grass 
association can be found in the higher moors of Yorkshire and on 
Exmoor (Somerset and Devon) and Dartmoor (Devon) (Fig. 337). 
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The very low-iying moors contain not only peat but also much 
water and are very acid. Here may be found certain insec- 
tivorous plants such as the sundew, butterwort and, in the free 
water, bladderwort. This is because such acid peaty soils are 
deficient in nitrogen compounds. 



Fig. 336 . Upland Heath, 
(Photo, Platters and GarnetU Ud.) 


The wet peat soils of the east of England, especially in Cam- 
bridgeshire and Norfolk, vary from this in that they are very 
rich in mineral salts, especially of calcium, and are therefore 
alkaline. They are commonly called fens, and the plant associa- 
tions of the Een District vary accordingly. The dominant tree 
is the alder. The Fen District of East imglia, right up to and 
including the Wash, has been the subject of intensive drainage 
schemes ever since the time of the Roman invasion. Gonse- 
quently, soil conditions, especially from the point of view of 
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water content, are constantly undergoing changing conditions. 
Thus has man become a very potent biotic factor in this area 
The detailed ecological study of the area has therefore offered 
great opportunities for botanists and zoologists. 

The first great study of the structure of the vegetation from 
the static, that is, unchanging, point of view was made by Pro- 
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Sand-Dunes 

An important plant formation is that of the sand-dune, so 
common around our seashores. Here, conditions are very excep- 
tional . The almost pure sandy soil is very loose and consequently 
abnormally dry. The surface is exposed to bright light, heat and 
all types of wind. Therefore, transpiration can take place at an 



Fig. 338. Marram Grass growing on the Crest of a 
Sand-Dune. 

(Photo, W, B. Crump,) 


abnormally high rate. But a sand-dune has several aspects, thus 
giving several associations. 

There is the surface sloping towards the sea. Here the sand is 
loose and drifting. The dominant plants are not very thick, and 
many bare patches of sand are exposed. The chief is the sea 
couch-grass which has long rhizomes which help to bind the 
sand together and thus reduce drifting. 

The next association is that on the top of the dune. Here the 
sand is still loose and constantly shifting, but not so much as in 
the previous case, since the rhizomes of the sea couch-grass 
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association help to prevent it. The dominant here is the marram 
grass which thus gives a marram-grass association (Fig. 338). 

The third association of the sand-dune formation is that on the 
side sloping away from the sea. Here the oldest parts of the 
dunes (which is formed by sand blowing up from the seashore) 
may be found. The sand is much more firmly set. Here the 
dominant is the creeping willow, and the association is named 
after it. Distributed and occasional plants are represented by 
bird’s-foot trefoil, rest harrow, thyme and stonecrop. 

In the plant formations and associations described above, no 
attempt has been made to give exhaustive lists of plants, 
dominant, subdominant, distributed, occasional or rare. Such 
lists would convey very little to the reader, and would scarcely 
serve any useful purpose. An open-air study of whatever 
formations or associations are within reach is, how^ever, highly 
recommended. 


CHAPTER XXIV 

EVOLUTION, BREEDING AND CLASSIFICATION 


The Planet Earth 

The planet Earth, on which we and other creatures and also 
plants live, is millions of years old. Exactly how old the Earth is 
we cannot say, but we do know that it runs into a vast number of 
years. How the Earth originated is still a matter of conjecture, 
yet one thing is practically certain and that is, for many millions 
of years after it became a separate body in space life was quite 
impossible on it. The Earth, when it was first formed, w^as no- 
thing like it is to-day . Exactly what state it was in is also another 
unsettled problem ; but most probably it was a molten mass. 
Therefore until such a mass had cooled down, life was clearly 
impossible on it. 

Origin of Life 

Life on the earth became possible in early geological times. 
This we know for certain, from a study of the rocks of the 
earth, which vary in age. In these rocks have been found, and 
still are being found, fossilised remains of plants and animals. 
These remains, scanty though they are for giving us a real con- 
ception of what life was like on the earth throughout the ages, 
have already told a remarkable story. The chief lesson we have 
learned from them is that several millions of years ago, plant and 
animal life was totally different from what it is to-day. Man and 
flowering plants, for example, did not exist in those far-off 
ages. A long time before that again, animal and plant 
life was totally different. In other words, when the earth is 
taken at various stages of its existence, each stage separated by 
several millions of years, life, both plant and animal, is seen to be 
totally different. The changes in such life most probably did not 
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come about suddenly, but very gradually, almost imperceptibly 
in fact ; and there is no reason for believing that changes in 
plant and animal life are still not taking place, with the result 
that in many millions of years to come, plant and animal life on 
this earth will be totally different again from what it is to-day. 

If this is the case, one might ask : Why do we not see such, 
changes going on now ? Why are plants and animals more or 
less the same when we are seventy years old as they were when 
we were seven ? This is easily answered in that the change is so 
very, very slow, that no perceptible change takes place in one 
man’s lifetime. It is just like looking at the two hands of a 
clock. If the minute hand is carefully watched, it can be seen 
to move very slowly ; yet we cannot see the hour hand moving. 
But we know that it does, for at the end of an hour it points in 
a slightly different direction. The changes in living things that 
have taken place for the past millions of years, that are taking 
place now, and that will continue to take place for many 
millions of years to come (probably until the earth itself finally 
comes to an end), are like the hour hand of the clock. To look at 
them, w^e can see no change ; but to look at them after certain 
periods have elapsed (millions of years in this case), we see de- 
finite alterations. 

Before considering the changes going on in life, it will be 
worth while to consider the very beginning of life on the earth. 
We are quite certain that life was impossible on the earth when 
it first came into being ; therefore life must have begun at some 
definite time. So, how did life begin on the earth ? What is the 
origin of life t Perhaps we shall never be able to answer these 
questions for certain. But, in spite of this, it does not follow 
that we shall never be able to get a moderately good idea of 
life’s origin. When we know more, we may be able to settle 
the question. On the other hand, we may not ; but it would be 
a very daring person who would say that we never shall. 

From observations of life .as it is to-day, several theories of its 
origin have been put forward. Some are reasonable, others are 
extravagant; but all are of interest* 

At one time many men of science, including the late Lord 
Kelvin, the great physicist, believed that life was never formed 
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on the earth but that it has come upon it from outside the earth 
in the form of minute organisms, similar to bacteria, present in 
the crevices of meteorite and other cosmic substances which 
periodically fall upon the earth from outer space. Even to-day 
some people hold this idea and now and then one reads of a 
man of science examining meteors and finding living bacteria 
inside them. Perhaps this is true, but it does not follow that 
life therefore originated upon the earth in this way. Also, even 
if the whole conception were true, it would only shift the problem 
a little, for we should still want to know how life originated in 
the meteors, or even in the structures from which meteors come. 

The theory propounded by Aristotle was that of spontaneous 
generation, which has been considered in Chap. XIV. Strange 
to say, the idea of spontaneous generation, at any rate in the 
more lowly plants and animals, was held for nearly a thousand 
years — that is, until the seventeenth century — ^when, with the 
advent of the microscope, it was brought into question, but not 
completely refuted until the work of Pasteur made it certain, in 
the nineteenth century. 

The theory held by most people of to-day is that living matter 
has been built up by a mysterious natural process of synthesis 
from non-living material. It is not very difficult to conceive of 
this possibility. All we want to know is, how did any kind of 
living matter come into being ? At present, we are not con- 
cerned with advanced living things like man and dowering 
plants. We already know that the fundamental basis of life is 
protoplasm. This was emphasised by T. H. Huxley, the great 
biologist of the nineteenth century. If we could get to the 
bottom of the origin of this substance, then we have settled the 
origin of life. What went on afterwards is a different problem. 

We have already learned that protoplasm is a very complex 
mixture of crystalloids and colloids, especially proteins. Now, 
already, certain carbohydrates have been synthesised in the 
chemical laboratory from simple, inorganic substances. So also 
have amino acids ; and these are closely related to the proteins. 
This shows that it is not impossible that all the constituents of 
protoplasm can be built up from simpler substances, substances 
which already exist on the earth and the waters on the earth, in 
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the non-living, inorganic state. This is probably what took 
place. The compounds got together, and in a mysterioxis manner 
formed the crystalloids and colloids essential to protoplasm. 
This took place in water where the raw materials were present. 
Thus was protoplasm possibly built up in the first place, and there 
lies the possibility of the origin of life. If this be so, then all life 
has originated in water, possibly the sea. 

We have much evidence of this to-day, and feel practically sure 
in stating that all life began in the sea, and there it remained for 
millions of years. Then it began invading the land. First w^e 
had these forms which still depended upon w’-ater for certain 
parts of their existence. These are called amphibians. There 
are many examples of amphibious animals and plants with us 
to-da}^ The frog, for example, is amphibious. It can live in 
w^ater and on land, but only marshy land. Its eggs must be laid 
in w^ater, and the young tadpoles must live in water for they can 
only breath air by means of gills, like a fish. Finally in the adult 
stages, the animal can live on land and breath air, in the gaseous 
form, by means of lungs like the more advanced animals which 
have completely invaded the land (terrestrial animals). 

In the plant kingdom, mosses and ferns are more or less 
amphibious. Most of them prefer very damp situations, yet in 
their complicated method of reproduction, at one part of the 
X)rocess they must have very dry conditions, just as the stamens 
of the terrestrial flowering plant must have dry conditions in 
order to burst. In the other part of the reproduction of the fern, 
that is, actual fertilisation, it must have liquid water, for the only 
means of the sperm getting to the egg is by swimming through 
liquid water. This it does by lashing its numerous cilia (Chap. 
XXII). 

Evolution of Life 

Life clearly did not suM&fily originate in its thousands of 
different forms, simple and complex, as we know them to-day. 
It began in a very simple form, and then throughout the millions 
of years it has undergone changes ; very slowly, of course. 
Original life knew no distinction between plants and animals. 
After many millions of years, as life went on develoxfing its 
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various types, plants developed along one channel and animals 
along another. Thus we have the various types of plants 
and animals of to-day. As development went on throughout the 
ages, all forms of life became more and more complex. 

The first types of plants were possibly Algse, all living in the 
sea. Then these gradually moved up the fresh-water rivers, 
giving the fresh-water Algae. Then plants began to invade 
the land. The first types resulting from the change in mode of 
life were possibly the liverworts, closely followed by the mosses. 
Then came the ferns . Gradually, after the estabhshment of these 
amphibians, through millions and millions of years, real ter- 
restrial plants began to develop. The first were possibly the 
gymnosperms and these were followed by simple types of angio- 
sperms, something like the magnolia flowers of to-day; for 
although the flower of magnolia is comparatively large, it is of 
an exceedingly simple structure, simpler even than that of the 
buttercup. Then, once established, more complicated flowering 
plants began to develop, thus giving us the many thousands of 
species of flowering plants on the earth to-day. Possibly the 
most advanced in this gi’eat development scheme are flowers like 
the daisy and dandelion. Being the most advanced they are 
therefore the youngest, considering the complete age of plant life. 

Origin of Species 

This theory of the development of life from a simple origin 
to its present-day advanced state is referred to as the theory 
of evolution. Though it had been suggested before, it was 
first of all clearly formulated by the great naturalist, Charles 
Darwin, to whom we have already been introduced in our studies 
in plant life. Darwin took many years to formulate this stimu- 
lating theory ; but the idea began to grow in his mind while 
voyaging on the Beagle (see Chap. XV). Finally he published 
it in a famous book called the Origin of Species by Means of 
Natural Selection,’* which appeared in London for the first time 
in 1859. Darwin’s idea of the origin of plant and animal species 
was received with great acclamation by some, consternation by 
others, and resentment by many. To-day, few people disagree 
with his fundamental ideas, though many differ from him in 
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certain details. It was through his “Origin of Species ” that 
Darwin’s name has become immortalised. 

The theory of the origin of species was an epoch-making inci- 
dent. The whole idea completely changed the ontlook of bio- 
legists, and, having accepted it, their progress in the search for 
new knowledge of plants and animals was increased a thousand- 
fold. 

But Darwin’s idea of the origin of species was not propounded 
merely to explain the development of plant and animal life 
throughout the ages of the earth. It is a matter of common 
observation that plants and animals diSer within themselves 
greatly, yet, though many differ from each other, others re- 
semble each other. For example, a cat differs considerably from 
an elephant, yet it closely resembles a tiger. A primrose dif ers 
very much from a violet, yet it is very like a cowslip. 

Plants and animals can therefore be classified according to the 
degree in which they resemble or differ from each other. The 
classification of plants will be considered later ; but a general 
consideration is necessary in order to appreciate Darwin’s work. 
For example, two primroses, though they may be slightly dif- 
ferent from each other in, say, size, are very like each other 
generally. So are two cowslips. Yet a cowslip and a primrose 
differ from each other rhuch more, though there is still a re- 
semblance. Then a primrose and a bluebell differ even more ; a 
primrose and a fern still more, and so on. All plants closely re- 
sembling each other are placed in a single group called a species. 
Primroses all over the world belong to the same species ; all 
bluebells also belong to the same species, a species differing very 
much from the primrose species. Darwin, in his “ Origin of 
Species,” attempted not only to explain the evolution of plants 
and animals from the lowest forms to the highest ; but also why 
members of the same species are so much alike and members 
of different species are so different. 

There is no doubt that from the earliest times, man must have 
speculated on the nature and origin of the multitudes of various 
living things around him. Erasmus Darwin, who was born in 
1731, and was the grandfather of the illustrious Charles Darwin, 
suggested a kind of evolution of life, and the great French 
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nataralist Jean Baptiste Lamarck, also discussed the possibility 
of evolution. But the whole question was still very much in 
the melting-pot of conjecture until Charles Darwin himself 
came along with his brilliant work in 1859. The whole idea 
of Darwin’s — that is, of the gradual transformation of simple 
living things into the more complex things — ^was one of the 
greatest triumphs of modern science. This is chiefly because it 
has completely revolutionised the various sciences of life, in- 
cluding zoology, botany, medicine and psychology (the study of 
animal behaviour). At the time, it met with much opposition, 
but eventually it won through, and its fundamental truths hold 
the field to-day. 

Fossil Plants 

Having many of the lowly organisms with us still, it should be 
possible to trace the gradual change, that is, the evolution, from 
the lowest forms to the most advanced. Yet, strange though it 
may seem, this is not altogether possible. Up to a point we can 
trace a gradual sequence of events that most probably took place 
during this great process of evolution throughout the millions 
of years, yet the sequence is broken in certain places by definite 
gaps. But this does not prove that Darwin’s idea of the evolu- 
tion of life is all wrong. It may be compared with another very 
ingenious conception, in the science of chemistry. There is a 
well-known law in chemistry known as the Periodic Law. This 
law was first postulated by the Russian chemist Mendeleeff. 
By this law, all the chemical elements can be arranged according 
to their atomic weights. By doing this, Mendeleeff found that 
there is a definite relation between them and their chemical pro- 
perties. But in this arrangement he also found gaps. Yet he 
was not perturbed by this, but merely suggested that the gaps 
were due to elements which, up to that time, had not been dis- 
covered, So he imagined them there in his periodic table, and 
even suggested their nature and properties. In this, Mendeleeff 
has been proved correct, for, since his day (1834-1907), certain 
new elements have been discovered, and they not only fit in well 
where they should, according to his Periodic Law, but they also 
have the properties which he had prophesied for them. 
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The same may be said of the gaps iii the evolution of plants 
and animals. That there are gaps, no one would doubt ; but so 
sure are scientific workers of the whole conception of evolution 
and the gradual change from one species to another, that they 
have been able to suggest the nature of those plants and aiiimals 
which should fill the gaps. One might say that all this is 
conjecture, just a mere description of imaginary plants and 
animals to fit the case conveniently. But this is not so, for up to 
date quite a number of plants and animals have been discovered 
in the fossilised form, and, judging their ages by the rock strata 
in which they have been discovered, they have fitted into certain 
of the gaps of Darwin’s evolutionary sequence. Not only have 
they fitted the gaps, but they also exhibit the structure which 
they should have according to the theory. Thus, fossils are a great 
support of Darwin’s theory of evolution. There are still many 
more gaps to be filled in the sequence of events ; but it is quite 
likely that as time goes on, and scientific workers tackle the 
problem as they are doing to-day, some fossil plants will be 
discovered, somewhere in the world, to fill the still vacant gaps. 

Much of the work on fossil plants which has helped consider- 
ably in the elucidation of the evolutionary sequence of plant life 
during the past has been carried out chiefly in Great Britain. 
One of the greatest fossil botanists was Professor W. C. 
Williamson. He did much work on plant fossils present in coal ; 
and although few people at the time took any notice of the re- 
sults obtained, it is now realised how important they are from 
the point of view of evolution. Since Williamson’s time, much 
work has been done on fossil plants, which are now treated 
chiefly as documentary evidence of the history of plants. Some 
such fossils are probably 500,000,000 years old. Other past 
workers in this field of botany were Sir John W. Dawson, who 
worked chiefly in Canada, and Dr. R. Kidston, formerly of the 
University of Glasgow, who w^orked chiefly on Scottish fossils 
and made some very important discoveries. A great deal of the 
fossil botany of America was worked out by Dr. Lester Ward, who, 
for some time, was the geologist to the United States Geological 
Survey. ^ 

By far the most of fossil botany known to-day has been carried 
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out during the present century. Now, all over the world, there^ 
are many scientific workers who are attacking the problems set 
bv newly discovered fossil plants of all ages, and adding 
much to our store of knowledge of plant evolution of the 
past- In Great Britain the most recent work has been done 
by Professor W. H. Lang, Professor A. C. Seward, and Dr. 
D. H. Scott. 

Struggle for Existence 

The most important part of Darwin’s theory of evolution con- 
cerns not so much the fact that plants and animals have under- 
gone slow changes throughout the ages, from the very simple 
unicellular organisms living in the sea to the complex multi- 
cellular organisms as we know them to-day, but the methods 
whereby these gradual changes have taken place. 

The whole principle of the Darwinian theory rests on the basis 
of the great idea of the survival of the fittest in the struggle for 
existence . This idea was conceived by Darwin in 1 842 and again , 
quite independently, by the gi’eat travelling naturalist, Alfred 
Russel Wallace, in 1858 w'hile he was travelling in the Moluccas. 
This idea, which we will examine before considering the further 
details of organic evolution, struck the men of science of the day 
so much with its ingenuity, that credit for the idea has always 
been given to both Darwin and Wallace jointly. In fact, at the 
suggestion of Sir Charles Lyell, the geologist, and Sir Joseph 
Hooker, the botanist, the remarkable conception was publicly 
announced under the joint names of the two naturalists. 

There is scarcely any doubting the principle of the struggle 
for existence in all plants and animals living in their native 
state. This is because many more organisms are born into the 
world than can possibly live in it. It has already been seen that 
a single large mushroom fructification can produce 10,000,000 
spores, every one of which is capable of producing a new mush- 
room plant. Other examples are just as convincing. A single 
female codfish may lay 9,000,000 eggs in one year, A single pair 
of carrion flies can produce 20,000 larvse. These can hatch out 
into new^ flies in about a fortnight, and all these new flies can 
produce more larvae amounting to 200,000,000 larvae, thus giving 
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that number of grandchildren to the original pair. Miiltiplica- 
tion in the plant and animal world is not purely arithmetic but 
geometric, thus giving tremendous numbers of possible off. 
spring. Some bacteria have been calculated to produce millions 
of millions of offspring in a single day. 

Thus there must be a great struggle amongst all living things 
to survive, for we know from mere observation that by far the 
majority of living things born into the world never survive. If 
they did, in less than a week every square inch of soil would be 
covered with mushrooms, the whole atmosphere would be choked 
out of existence by carrion flies in even a shorter time, and the 
sea would be so full of codfish that it would be possible to walk 
to America on the top of the fish crowded in the sea. 

Survival of the Fittest 

It is on this observation of the great rate of mortality in 
wild life that the idea of the survival of the fittest of Darwin 
and Wallace is based. Many plants are kept down in numbers by 
the activity of animals which devour them. But, most import- 
ant of all, the various conditions which affect living processes, 
some of which have been examined, are the determining factors ; 
for example, climate, soil, etc. If such conditions become ad- 
verse, there must be a struggle amongst plants and animals to 
exist against such conditions. In any competitive struggle of 
this nature obviously those most fit to struggle through par- 
ticular conditions of life will survive, and the weakest will ' go 
to the wall ’ and perish. Hence the survival of the fittest. 

Variations 

If we take any one generation of plants or animals, since it is 
only the fittest of them that survive, it will be only the fittest 
which will live to the adult stage, and therefore only the fittest 
which will live long enough to reproduce themselves. In this 
way, in the next generation, we have only the offspring of the 
fittest, thus giving a slightly better generation, and so on through 
countless generations. 

All plants and animals vary slightly. This is called variation. 
It is, therefore, quite clear that in two examples of a plant which 
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I sllglitiy vary from each other, that variant which is more 

adapted to its environment will be the one to survive. 

Heredity 

Now, all characteristics of a plant or animal are carried on in 
its offspring. That is why children are like their parents. 

I Thus, the variant of a plant or animal which is best adapted to 
any special environment is the type which will carry on. The 
process whereby characteristics, such as colour, shape, size, etc., 
are carried on into the offspring, is called heredity and the off- 
spring is said to inherit the characteristics of its parent. 

I Natural Selection 

* Taking all these things into consideration, Darvin conceived 
j of his epoch-making theory of the evolution of plants and 
animals through variation and natural selection. Evolution 
has gone on throughout the ages, and is still going on, through 
I (1) the struggle for existence, (2) the variation in plants and ani- 
i mals, certain variants being better adapted to the environment 

j than others, therefore more fit, and (3) those fittest surviving, 

' The whole process is a purely natural one, and therefore those 
plants and animals chosen to carry on into the next generation 
I are chosen quite naturally. Darwin’s theory of evolution there- 
fore postulates that progress in development throughout the 
ages has been nothing but thousands and millions of processes of 
natural selection. 

;; There are several theories which vary slightly from Darwin’s 
theory of the evolution of plants and animals, some of which are 
; not very strong in argument. There are others, however, about 
I which men of science are still debating ; so, since the matter 
I has not been settled yet, it is scarcely worth while considering 
I them here, 

; All that is necessary to remember is, that plants and animals 
j have developed throughout the ages in a perfectly natural way, 

becoming more and more adapted to their environment, through 
the fittest surviving in the great struggle for existence. They 
have become more complex in structure by the addition of more 
cells and organs in order to become fitter. Thus is man one of the 
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most suitable animals on earth, chiefly through his mental 
advancement; and flowering plants the most suitable plants. 
They are capable of withstanding their environment better than 
any others. The whole of our civilisation is one due to evolu- 
tion, not only of the body but also of the mind. 

Man’s mind has developed as well as his body, especially in 
his capacity for reasoning. Thus has he become able to struggle 
against the environment, even against the physically stronger 
animals. Through his mind he has been able to develop strong- 
holds, such as houses, heated and made resistant against the 
elements of climate, hygienic and therefore resistant against 
disease bacteria, etc. ; he has been able to reason out weapons 
ivhereby he may defend himself against the physically more 
powerful animals, and so forth. 

Mutations 

The way in which variations come about in plants and 
animals has been, and still is, the subject of much discussion. 
The inheritance of such variations is also still in the melting-pot 
of scientific argument. 

Lamarck made a remarkable suggestion of how useful varia- 
tions arise. He said that if any variation proved useful, then it 
wm inherited, and wLile it vras inherited it was still further 
developed, and thus made more useful. For example, in desert 
regions, the long neck of the giraffe was useful in reaching the 
foliage of trees for food. Thus, this variation in the length of 
the neck was inherited and developed still more strongly so that 
the neck became longer and longer during the evolution of 
thousands of years., Darwin’s suggestion, however, was not so 
much that, as Lamarck suggested, useful variations are inherited, 
but that throughout natural selection, if a variation just acci- 
dentally proved useful it was inherited, and slowly, very slowly, 
much more slowly than Lamarck was prepared to admit, was it 
developed. 

There is, however, a third method of variation which to-day 
is accepted as being probably the chief one whereby plants and 
animals have carried out their evolutionary changes. In many 
plants and animals, sometimes a very big and important varia- 
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The Dutch botanist who was the first to suggest the study 
of evolution by practical experiments. He has done much 
of the original work on mutations. 

(Photo, Elliott S Fry,) 

suddenly arises. Such a sudden leap is called a mutation, 
example, the tall garden pea was a sudden mutation 
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from the dwarf variety. The -copper beech was also a sudden, 
mutation, and not a gradual development, from the normal green 
type. The theory that it is by more or less sudden mutations 
that evolution has taken place w’^as first of all suggested and 
worked out by Professor William Bateson, Professor Hugo de 
Yries (Fig. 339), and the Abbot G. J. Mendel (Fig. 340). This 
mutation theory of the method of evolution is upheld b}^ many 
people to-day. 

Mendel ism 

Mendel carried out some very important work on the study of 
the inheritance of plant mutations, and on his work is based the 
artificial breeding of plants and animals. 

It is a matter of simple observation that the chief character- 
istics of a plant or animal are carried over to their offspring. 
For example, the offspring of a dog is another dog ; that of an 
elm tree is another elm tree. The question of how this is done is 
a very intricate one, and cannot be dealt with in detail here. 
However, one is bound to realise that all the characteristics of 
any plant or animal must be conveyed to the offspring through 
the gametes (eggs and sperms), for these are the only connexions 
between two consecutive generations. 

Every characteristic, of which there are thousands in any one 
plant or animal, is represented in certain structures called 
chromosomes which are present in the nucleus of every cell. 
For example, in man, the height of his body, length of arms and 
legs, colour of skin, colour of eyes, hair, etc., strength of the 
heart, even the nature of his mind, and thousands of other de- 
tailed characteristics, are all represented in the chromosomes of 
the nucleus of every cell in his body. In the tulip, the height of 
the flower stalk, nature of the bulb, size, shape, colour of petals, 
and thousands of other characteristics, gross and minute, are all 
represented in each of the chromosomes of the cell. Therefore, 
when an egg and a sperm are produced in the plant, both of 
which are cells, the egg and the sperm have each characteristic 
represented in it. Then, as fertilisation takes place, these 
characteristics are conveyed to the new plant and develop 
in it, since the contents of the sperm, including its chromosomes, 
fuse with the egg. 
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Plant Hybrids 

When a male of a species fertilises the female of the same 
s])ecies, the offspring is very similar to the original. species. On 


of one species fertilises the egg 
of another species which has different characteristics, certain 
different characteristics are conveyed to the offspring. This 


340. Abbot G. J. Mendel. 
who was the first to study the experimental 
of plants. 
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offspring, therefore, develops into something rather different 
from either of its two parents. Such an offspring, plant or 
animal, is called a hybrid. 

The study of heredity and hybridism has now achieved a very 
great importance in the breeding of plants and animals. The 
scientific study of plant and animal breeding has become almost 
a science in itself, since the discoveries of Mendel. This science 
is called genetics. 

Hybridism is not so simple as it may first appear. For 
example, say a tali male plant fertilises a female of a closely 
related species which is short. The sperm will bring in the 
characteristic of tallness, whereas the egg will contribute the 
characteristic of dwarf ness . But the offspring will not necessarily 
be a cross between the two, that is, of medium height. 

The first scientific studies of the crossing of living things were 
made by the Abbot Mendel on plants. Mendel was born in 1822 
and finally entered a monastery in Brunn. It was in the garden 
of the monastery that he carried out his investigations, chiefly 
on garden peas. He wrote out his results in 1865, but, strange to 
say, no one knew of them until some time after his death in 1884. 
Then in 1900, three botanists, Professor Hugo de Vries, Professor 
Tschermak, and Dr. C. E. Correns, rediscovered Mendel’s 
work, 

Mendel discovered that, though with any variation there 
must be its opposite — for example, dwarf ness is opposite to tall* 
ness — the two characteristics are not of the same ‘ strength ’ . He 
found that by crossing tall peas with dwarf peas all the offspring 
w^ere tall. Yet the characteristic for dw^arfness, as well as tall- 
ness, must have been conveyed through the gametes. The char- 
acteristic which comes out in the first generation is called the 
dominant, and the characteristic which is suppressed is said to be 
recessive. Thus, tallness is dominant, and dwarfness recessive. 
This first generation was then fertilised amongst themselves, and 
the offspring forming the second generation were found to be 
composed of some tall and some dwarf in the ratio of 3 tall to 1 
dwarf. In the third generation, other ratios were found, and 
so on. This study of Mendelism, as it is called, has now assumed 
great importance in plant and animal genetics. . 
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Genetics 

It is possible nowadays to get many kinds of characteristics in 
tlie offspring of plants and animals, by scientifically crossing 
them according to the law^s of Mendelism and other laws of 
inheritance. New forms of animals and plants are continiiall}^ 
being obtained by the application of the science of genetics, and 
there are many workers all over the world comiected with this. 

From the commercial point of view, the study of genetics is of 
the utmost importance. New breeds of domestic animals such 
as horses, cattle, pigs, dogs, poultry, etc., are being obtained, 
and, in the case of horses, much w^ork is being done on suitable 
crossings in order to get good racing breeds. Multitudinous 
experiments are being carried out on plants. New tj-pes of 
fiow^ers, varying in size, shape, and colour, new types of potatoes, 
wFeat, fruit and so forth, are being obtained. 

In some cases, in order to make plants breed true, thus pre- 
venting crossing of characteristics, they are forced to become 
self-pollinated. This is usually done by tying the fiowTrs up in 
muslin bags, when still growing on the plant. Thus, ‘ foreign ’ 
pollen cannot get anyw^here near the stigmas. In the crossing of 
different species and varieties of species, cross-pollination is 
clearly essential. This is often done artificially by obtaining 
some pollen by gently rubbing the ripe anthers with a camel-hair 
brush and by this means transferring it to the stigma of the 
other flowTrs. Many different types of cultivated flowers, fruit 
and vegetables so familiar to-day have thus been obtained. One 
characteristic of plants is their resistance to disease. Some are 
more resistant than others. Through the study of genetics, 
plants more resistant to certain diseases have been obtained. 
Much work, as has already been mentioned, is still going on, by a 
system of genetics, in order to get a new banana plant wdiich is 
resistant to the Panama disease. So far, research workers have 
not been very successful in getting a suitable disease-resisting 
banana plant, but there is little doubt that success will crown 
their efforts 'finally. : 

Another good example is the sugar-beet, which is subject to 
a disease known as curly top. In the United States alone, 
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one-third of the acreage of sugar-beet is infected. But this will 
soon be rectified, for a new sugar-beet hybrid, which has the com- 
merciai name of Sugar Beet U.S, No. 1, has been genetically 
obtained "which has the useful characteristic of being resistant 
to this disease. It is therefore planned to use this variety exten- 
sively in the future, and thus save millions of pounds annually, 
by increased yield and economy in treatment against disease. 

The number of workers in plant genetics of the immediate 
past and also of the present day is so great that it is scarcely pos- 
sible to enumerate them. Much work in the past was done by 
Professor William Bateson, director of the John Innes Horti- 
cultural Station, Surrey, in plant genetics, and Professor T. H. 
Morgan of Columbia University, New York, in animal genetics. 
To-day the army of plant and animal geneticists is a large one. 
In Great Britain we have Professor F. A. E. Grew of the Univer- 
sity of Edinburgh in animal genetics, and Professor R. Ruggles 
dates of King’s College, London, among others, in plant genetics ; 
Professor J. B. S. Haldane of University College, London, among 
others, in plant and animal genetics, and Professor Karl Pearson 
in human genetics. 

Besearch on the genetics of commercially valuable plants is 
also going on apace. Great efforts are being made to produce, 
genetically, etc., all types of plants of economic value which are 
suitable for cultivation in various parts of the British Empire. 
Much of this work is directed to-day from the Boyal Botanic 
Gardens, Kew, under the supervision of Sir Arthur Hill. Help, 
especially financially, is given by the State. But research on 
plants of economic importance had been going on at Kew long 
before the science of genetics was established. The gardens were 
established in the reign of George III, who, with the help of the 
great naturalist, Sir Joseph Banks, extended them . In 1840 they 
were adopted as a national establishment, and, since that day, 
much valuable botanical work has been done there under a suc- 
cession of famous directors. Once established, much of the 
pioneer work on the Gardens was done by Sir William Hooker 
and his even more illustrious son, Sir J oseph Hooker, who, before 
being appointed as assistant, then full director at Kew, went on 
several important botanical excursions, chiefly in Australasia, 
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I India, Palestine, North Africa, and the United States. He was 
i a great authority on the structure and classification of flowering 
plants. 

By scientific crossing and recrossing, and patient study of the 
effects, it is possible to bring out many desired characteristics, 
j especially in plants. Plants with certain specified characteristics 
have, in fact, been obtained, genetically, more or less to order. 

I Two people are worthy of mention in tiiis respect. One w^as 
I an. American, named Luther Burbank, who worked chiefly 
on plums, lilies, potatoes, maize, asparagus and peas, among 
others. For nearly fifty years, by his genetical breeding of 
plants, he obtained what he called ‘‘new creations,” very often 
with characteristics which were asked for by the Government, 
by farmers and gardeners. Given time, he was able to produce 
almost any type of plant to order. So famous did Burbank be- 
come, that he was often referred to, especially by his own 
countrymen, as the ‘ plant wizard,’ and his grounds and green- 
houses, where he carried on his w^onderful genetical wnrk, were 
visited by many distinguished people from different parts of 
the world. It is interesting to note that in his autobiography, 
published shortly after his death in 1926, Burbank ascribed his 
j success in plant breeding to patience and constant “ repetition, 
j repetition, repetition ” in crossing his plants. 

I Another famous plant breeder is a Russian, named Ivan 

Michurin, w^ho already has 67 new varieties of apples to his 
credit, most of w’-hich have been obtained, by careful crossing, 

} to withstand the rigours of the Russian climate. So famous has 
he become that a town in the U.S.S.R., until recently called 
Koslov, had its name changed in 1932 to Mchurin in his 
.honour. 

In the United States, new hybrid plants can now be protected 
by the owner of them by patent laws in a w\ay similar to the 
i commercial protection of new mechanical inventions. They 
must not be copied without permission. 

Classification of Plants 

There are so many thousands of different plants in the wnrld, 
I . some vastly different from others, but many closely or distantly 

B.E.B. 
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related to each other through their various characteristics, that 
it is possible to grade them into various divisions and classes. 
This is known as classification of plants. Animals are classified 
in a similar manner . 

The basis upon which plants are classified is, so far as possible, 
according to their evolutionary sequence ; that is, plants are 
grouped according to their position in the scale of evolution. 
The oldest, and therefore usually the simplest, types are grouped 
together, and so on. The five great groups of plants have already 
been mentioned. But this is by no means sufficient. For 
example, in the flowering plants, there are many similar to 
each other, such as the primrose and cowslip, and many vastly 
different, such as the daisy and the tulip. If, therefore, all 
flowering plants be examined and their various characteristics 
studied, it is possible to divide them up into more detailed 
groups. 

The classification of flowering plants naturally is based on the 
more variable characteristics. For example, the root is scarcely 
a suitable basis, since it is the least changeable organ of the lot. 
The roots of thousands of otherwise very different plants are 
similar to each other. Therefore, the root has changed the least 
of all during evolution. It is, in fact, the most conservative 
organ of the plant. The most changeable organ of the plant is 
the flower. Therefore the classification of flowering plants is 
based chiefly, though not always, on the characteristics of the 
flowers. 

The classification of plants to-day follows closely on that made 
by the great Swedish botanist, Carl von Linnaeus. For some time 
Linnaeus was professor of botany in the University of Upsala, 
but his studies of both plants and animals took him all over the 
world at various times. He discovered many plants and 
animals which were, at that time, new to science, and named 
them. It was Linnaeus who recognised the importance of the 
stamens and the carpels as being the most diagnostic features 
upon which to classify plants. 

His wffiole scheme for the classification of plants was set out in 
the most important of his many publications. This was entitled 
“ Species Plantarum,’’ published in 1753. Though, of course, 
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many thousands of new plants have been discovered since his 
day, and many new characteristics revealed, the classification of 
Linnaeus is still the basis of present-day classification, though, 
of course, very much modified. 

Flowering plants may first of all be divided into two great 
groups, and every flowering plant loiown belongs to either one or 
other of these groups. They are the Monocotyledons and Dico- 
tyledons. The former have several characteristics common to all 
members, the chief being the presence of one cotyledon, or seed- 
leaf, only in the embryo. The latter have two cotyledons. Few 
Monocotyledons, too, show secondary thickening ; whereas 
most Dicotyledons do. 

Every type of plant is a species. For example, in the butter- 
cup plants there are several types, such as the creeping butter- 
cup, the bulbous buttercup, the water buttercup or crowfoot, 
and so forth. Each is a separate species. All water buttercups 
belong to the same species, but the bulbous buttercup belongs 
to a different species from that of the water buttercup. This 
is because the different species of buttercups vary a little. But 
all the species are closely related to each other in spite of tlie 
slight variations, therefore all the species are grouped under a 
composite heading or genus. Therefore all buttercups belong 
to the same genus, but different species. 

In order to distinguish them, Linnseus suggested each plant 
having two names, one to designate the genus and the other 
the species. That is done to-day for all plants. For example, 
all buttercups belong to the same genus, which is called Ranun- 
cuius. This name is the first of the two applied to all members 
of this gemis, and is therefore called the generic name. Then, 
since there are several species of Ranunculus, each species has 
a second or specific name. Thus the botanical name for the 
water buttercup Ranunculus aquatilis; the bulbous butter- 
cup, bulbosus; creeping buttercup, Rammcukis 

repens; and the lesser celandine, Ranunculus Ficaria, 

There are thousands of different genera of plants, many of 
which closely resemble each other, though they differ sufficiently 
to be kept as separate genera. For example, closely related to 
the buttercup genus is the garden plant known as the pseony. 
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A close examination of this plant shows it to be very similar to 
that of an ordinary buttercup. Though larger, the shoot and its 
leaves are very similar in shape. The flowers, too, are very 
similar, except that they are much larger, usually have more 
petals, and these petals are usually of a different colour, being 
white, pink or red, instead of yellow. The carpels, too, are fleshy 
instead of dry. Thus the pseony is sufficiently different to be 
placed in a separate genus, Pceonia, though it is very similar to 
Banunculm. Other genera, of which their members are dif- 
ferent, yet sufficiently similar to be classed together, are the fol- 
lowing (the names given in brackets are the common names of 
one species belonging to the genus) : Caltha (marsh marigold), 
Nigella (love-in-a-mist), Aquilegia (columbine), Delphinium (lark- 
spur), Aconitiim (monkshood), Clematis (clematis or traveller s 
Joy). All these and some other genera are so closely related that 
they are put into a still bigger group known as a family. In this 
case, the family is called Eanunculaceae. 

The classification is carried still further in that many families 
are closely related to each other. Those so related are grouped 
into wffiat is called a cohort or order. For example, other families 
closely related to lianunculaceae are Nymphacese, to which the 
wdiite water-lily {Nymphcea alba) and the yellow^ w^ater-lily 
{Nuphar luteum) belong ; Ceratophyllaceae, to which the horn- 
wort (Ceratophyllum submersum) belongs ; and Berberidaceae, to 
which the barberry (Berberis vulgaris) and other genera belong. 
Thus, all these families, together with Ranunculaceee, are 
grouped in the order Ranales. 

Then all the orders may be subdivided finally into the Mono- 
cotyledons and Dicotyledons. 

Thus the flowwing plants may be divided into two groups. 
Monocotyledons and Dicotyledons ; then these groups into orders 
or cohorts ; the orders into families ; families into genera ; and 
'genera into, species. 

By plant breeding and hybridisation, species have been even 
still further subdivided into wffiat are called subspecies and 
varieties. For example, the potato is a single species called 
Solanwm tuberosum. This species is then subffivided into many 
varieties, some of which are familiar to the gardener. There are 
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many varieties too of Pyms Malus (the apple), Prunus domestica 
(the plum), Rosa centifolia (the garden rose), and so forth. 

How to Study Plant Classification 

There are hundreds of different plant families, many of which 
are represented by very familiar wild and cultivated plants. 
There are therefore many more genera and literally thousands 
of different species. One should be familiar with certain of the 
commonest families and some of the genera and species belong- 
ing to them. 

A study of plant classification can never be made with either 
profit or interest from a book. It is therefore proposed not to 
discuss the details of plant classification here. The only interest- 
ing way to learn the various families, etc. (and this can be made 
very interesting) of flowering or, indeed, non-flowering plants, is 
to go out into the country (or if this is not possible, to ask 
for flowers from gardens, parks, etc.) and examine the plants, 
first growing in their habitats, then more closely at home or in 
the laboratory. 

A great deal of ecology can be learned at the same time. To 
draw the habitat of a plant would take up far too much time, and 
tax the artistic abilities of the average person beyond his powers. 
Nevertheless, a written description of the habitat (such as wood, 
hedgerow, meadow, pond, etc.) is very desirable, and, for those 
who can afford it, a little photography is highly to be recom- 
mended . An album of photographs of plant habitats is a splendid 
acquisition, especially if taken by the owner himself. 

Then examples of the plants (complete ones if possible) 
should be brought home for further detailed study. Now, here 
one must be careful. Now^adays, the amenities of the country- 
side are protected in many ways, one of which is a law that 
certain plants must not be uprooted. This is a law much to be 
desired. Therefore, students of Nature must help, in as many 
w^ays as possible, to keep the countryside beautiful, chiefly by 
never gathering any more plants than are actually required at 
home for study. 

At home, a more detailed study and classification of plants can 
be made. This, of course, to the novice, and even the trained 



550 


EVEKYDAY BOTANY 


naturalist, is impossible without some form of a guide. A 
book of this nature could not hope to function satisfactorily 
in this respect unless it were expanded to many hundreds more 
pages. The best guide, on the other hand, is a good Flora. This 
is one which has all the most familiar, and many of the un- 
familiar, plants classified in their orders, families, genera, species, 
and variations . Many elementary Floras ignore orders and begin 
with families. This does not matter very much to a beginner. 
A Flora helps very much in the description of a plant, and not 
only classifies it, but also gives adequate reasons for so doing. 
It is also a means of identifying unfamiliar plants. 

Merely to identify a plant and see how it is classified is not 
enough to those who are really interested. A written description 
is highly to be desired, and drawings, scientifically clear, though 
perhaps not necessarily of very great artistic merit, should always 
be made. Special attention should be paid to the flower, since 
it is chiefly upon this, especially its reproductive organs (stamens 
and carpels), that the plant is classified. A member of each floral 
whorl should be drawn separately and a longitudinal section of 
the flower and a floral diagram constructed. The whole should 
be finished off with a floral formula. 

The Herbarium 

Another additional method of cultivating great interest in, 
and accumulating knowledge of, plants and their classification is 
to collect specimens of as many types as possible and preserve 
them, thus building up a herbarium. Usually the whole plant, 
where possible, is pressed between two pieces of blotting paper 
until it is dry. In the case of trees, of course, only a small twig 
bearing flowers, and possibly fruit, can be used. Then it is 
pressed between two pages of a book and finally mounted on 
paper, or, preferably, Bristol board. There are several methods 
of mounting dried specimens, the simplest being by means of 
small strips of adhesive tape. Sometimes the whole mount is 
enclosed beneath a sheet of ^ Cellophane,’ so that the plant can 
be seen, but is preserved from dust and the risks of being tom ; 
but this method is rather too expensive for the average amateur 
naturalist. On the paper, upon which the plant has been 
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mounted, details of it, such as date of collecting, where found, 
family, genus, species, etc., should be written or typed. Then 
all specimens should be classified as they are in plant classification 
and kept in dry, dust-proof cupboards or drawers. 

The collection of a plant herbarium makes a fascinating hobby, 
especially for those living in, or near, the country. Much is 
learned from it and a great deal of benefit is derived from its 
collecting in bringing one closer to the plant kingdom in its 
natural state, to say nothing of the healthy exercise involved. 
The majority of the natural history departments of public 
museums have their herbaria, which are worthy of inspection. 
University museums and botanical departments, and many 
schools, also possess good herbaria. Three of the best herbaria in 
London are at the Royal Botanic Gardens, Kew, the British 
Museum (Natural History), South Kensington, and the Lin- 
tiean Society, Burlington House, Piccadilly. 

Natural History Societies 

A final word to those who are especially interested in plants, 
either wild or cultivated. To students interested in the former, 
one would recommend the great value of the many natural 
history societies that exist to-day. Many universities, colleges and 
schools have their own natural history societies, which are doing 
valuable work, and are to be highly commended. Then there are 
natural history societies in all towns of reasonable size throughout 
the country. Great benefit is derived from Joining one of these 
societies. Such a society offers much help to those interested. 
It often has its own herbarium and nearly always has a library 
of useful natural history, botany and zoology books. Specialists 
in various branches of botany, zoology, etc., go periodically to 
give lectures on their own specialised work, and the members of 
the society themselves read useful papers and have interesting 
discussions. Not the least valuable asset of such a society is the 
nature rambles which it usually arranges, whereby people of 
similar tastes go off together on a country ramble of great 
scientific interest and social enjoyment. 

For the person more interested in cultivated plants there are 
the agricultural and horticultural societies, the two national 
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^cieties being the Eoyal Agricultural Society and the Rov«l 
Horticultural Society. Smaller societies are also very com- 
mon in our towns. Similar work is also done by these anri 
much valuable assistance is given to the members of such i 
society , chiefly through our various research stations and uni 
versities which send specialists to dehver lectures of interest 
to members. Visits to famous gardens and farms, nurseries of 
well-known seedsmen, botanical gardens, and plant research 
stations are constantly being arranged with great profit to the 
utembers of the society. 
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CLASSIFICATION OF FLOWERING PLANTS 

The flower is the chief guiding principle in the classification of 
flowering plants. 

As has already been seen in Chap. XXIV, some plaints re- 
semble each other, whereas others differ ; and, using their va-rious 
diagnostic features, plants may be grouped into species, ge^iera, 
families, and so forth. 

No amount of written description of plant families coul<i 
to convey any real idea of plant classification. Field stixdies, 
followed by laboratory work, are the only means of doing this. 
On excursions, one should always carry a good Flora. By this 
means the flower may be identified, if it is not akeady 
Specimens of complete plants, when possible, should be 
and then the detailed structure examined and drawn later. 

All the organs of the plant should be examined, then, the 
flower in detail, and, if possible, the fruit, as discussed in 
Chaps. XVIII and XIX. 

A few specimens of each family (each specimen being, if pos- 
sible, a member of a diflerent genus) will soon help the stndent 
in an appreciation of the study of plant classification. Since 
cultivated plants often undergo considerable ' artificial ’ modi- 
fication under cultivation, they should be avoided in this con- 
nexion so far as possible. 

In order to study plant classification one need not necessarily 
be confined at first to any definite type of family. Opportimities 
for such study must be taken as time, environment, season^ and 
so forth afford. To those interested, the chances offered by this 
fascinating study are practically endless ; and this is w^here 
membership of a natural history society proves invaluable. F or, 
not only are definite excursions arranged by those who know the 
s2 ^ 553 b.e.h. 
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Elost opportime places, but facilities for identification, examina- 
tion, further study and discussion are also offered. 

For the benefit of those, however, who have, perforce, to 
study certain definite families for examination purposes, the 
following list of families, with examples of genera and species, 
should be useful : 

Eanunculace^ — 

Ranunculus hulhosus (buttercup). 

Ranunculus Ficaria (lesser celandine). 

Ranunculus aquatilis (water crowfoot). 

Anemone 7iemorosa (wood anemone). 

(marsh marigold). 

Aconikim Napellus (monkshood). 

Clematis vitalba (traveller’s joy). 

Cruciferae — 

Cheiranthus Cheiri (wallflower). 

Cardamine ^ratensis (cuckoo flower). 

Sisymbrium officinale (hedge-mustard). 

Brassica Sinapis (charlock). 

Caryophyllaceae — , 

Stellar ia media (chickweed). 

Stellaria Holostea (stitchwort). 

Lychnis alba (white campion). 

Lychnis dioica {red emnpioia), 

Silene inflata (hl&ddex campion). 

Violaceae — 

F^ok mmna (dog violet). 

Viola odorata (sweet violet). 

Fkk incoZor (heartsease). 

LegumiBosas— 

Ulex europoeus {goTse). 

Ptsum sativum (garden pesb). 

Trifolium pratense (red clover). 

Trifolium repens {white clover). 

Vida saliva (retch), 

Vida Faba {broad hesbn). 
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Eosacese— 

Pru7ius domestica (plum), 

Pote^itilla Anserina (silverweed). 

Potentilla Tormentilla (tormentil). 

Fragaria vesca (wild strawberry). 

Rubus fruticosus (blackberry). 

Rosa canina (dog or wild rose). 

Agrimonia Eupatoria (agrimony). 

Pyrus Mahis (apple). 

Cratcegus Oxyacantha (hawthorn). 

Umbelliferae — 

Conium maculatum (hemlock). 

Damns Carota (carrot). 

Primulacese — 

Primula vulgaris (primrose). 

Primula veris (cowslip). 

Anagallis arveusis (pimpernel). 

Labiatss — 

Lammm aZ6z(m (white deadnettle). 

Salvia Verbe^iam (sage). 

Nepeta Glechoma (ground-ivy). 

Ajuga replans (bugle). 

Scrophulariaceae — 

Digitalis purpurea (foxglove). 
jLimina (yellow toad-flax). 

Linaria Cymbalaria (ivy -leaved toad-flax). 
Antirrhinum majus (snapdragon). 

Veronica Cham,mdrys (germander speedwell) . 

Compositae — 

Tarraxacum officinale {dmdelioiL). 

Hieracium spp. (various hawkweeds). 
Cichorium Intybus (chicory). 

OenkLurea Cyanus {ooTXi&O'weT). 

Beilis perennis (dsi&y). 

Chrysanthemum Leucanthemum (ox-eye daisy). 
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Semcio vulgaris (groundsel). 

HeMaMthus a7inuus {snn^owev^ 

Tussilago Farfara (colt’s foot). 

CupulifersB — 

QueT-cus pedunciilata (oak), 

Fagiis sylvatica (beech). 

Castama vulgaris (sweet chestnut) 

Salicacea — 

Salix alba (willow). 

Populus nigra (black poplar). 

Liiiacese— 

TuUpa spp. (tulip species). 

Scilla nutans (bluebell). 

Allium ursintm (garlic). 

Lilium spp. (lily species). 

Amaryilidaceae — 

Galaiithis nivalis {mowdmp). 

Narcissus Pseudo-Narcissus (daffodil). 

Iridaceae — 

Croctis spp. (crocus species). 

Iris Pseudacorus (yellow iris or flag). 

Gramineae^ — 

Poa anmm {meeidow grass). 

TriUcmn repem (couch grass). , 

(meadow foxtail). 

Festuca pratensis (meadow iesciie). 

LoUum perenne (perennial rye grass). 

Trit'icum sativum (wheat). 

Hordeum sativum (barley). 

Avena saliva (oats). 

The commonest forms of trees should also be studied, both in 
their winter form and their summer form. The following are the 
most important : sycamore, horse-chestnut, ash, dime, elm, oak, 
beech, birch, hazel, alder, willows, poplars, Scots pine and larch. 
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SOME WELL-KNO^VN BOTANISTS AND OTHER 
MEN OF SCIENCE 

The folloumig list is by no means exhaustive ; it merely contains 
the names of some of the chief men of science who have umhed in 
connexion with those aspects of the subject discussed in this book. 
Each name is folloived by the dates of birth and death, place of birth, 
and niost important position held, so far as they can he ascertained. 

Amici, G. B. (1786-1863), Modena, Italy. 

Aristotle (384-322 b.c.), Stagira, on the borders of Macedonia. 
Avebitry, Lord, F.R.S. (1834-1913), London. Banker, politician 
and naturalist, who, through his numerous writings, did much 
to popularise natural history ; president of the Linnean 
Society in 1881-86. 

Balls, W. L., C.B.E., F.R.S. (1882- ), Garboldisham, Norfolk. 

Chief botanist to the Egyptian Minister of Agriculture. 
Balfour, Sir Isaac Bayley, K.B.E., F.R.S. (1853-1922), Edin- 
burgh. King’s Botanist for Scotland, regius keeper of the 
Royal Botanic Garden, Edinburgh, and professor of botany 
in the University of Edinburgh. 

Banks, Sir Joseph, Bart., F.R.S. (1743-1820), London. President 
of the Royal Society in 1778-1820. 

Bary, Anton de, For. Mem. R.S. (1831-1888), Frankfort. Pro- 
fessor of botany in the University of Strasbourg. 

Bateson, W,, F.R.S. (1861-1926), Whitby. Director of the John 
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QUESTIONS AND EXERCISES 

[The questions of the School Certificate standard have been taken 
froyn recent examination papers, with the kind permission of the 
following : Delegates of the Oxford Local Examinations (Oxford 
School Certificate), Cambridge Local Examinations Syndicate (Cam- 
bridge School Certificate), Oxford and Cambridge Schools Examina- 
tion Board (Oxford and Cambridge School Certificate), Senate of the 
University of London (London Matriculation), Joint Matriculation 
Board — Universities of Manchester, Liverpool, Leeds, Sheffield and 
Birmingham (J.M.B. School Certificate), H.M. Stationery Office 
(Scottish Leaving Certificate), and the Central Welsh Board (Central 
Welsh Board School Certificate),'] 

Chapters 1-4 

1. By wliat external characters can a stem usually be dis- 
tinguished from a root and from a leaf ? Illustrate your answer 
by a fully labelled drawing and brief description of one example of 
each of the following : rhizome, root-tuber, cladode, thorn. 

[Oxf. S.C.] 

2. INfake labelled drawings of a two-year-old twig of any named 

deciduous tree : (i) during the leafless season, (ii) as soon as the 
foliage leaves have appeared. State the morphological nature of 
the bud scales. [Camb. S.C.] 

3. What are stipules ? With the aid of drawings, describe the 
stipules of four plants, selecting your examples to show the various 
fimctions that may be performed by these structures. [Oxf, S.C.] 

4. Give an account of those climbing plants you have studied 
which climb without the help of specialized tendrils. 

[Oxf. and Camb. S.C.] 

5. Describe with the help of drawings the various kinds of 
thorns, prickles, and spines on plants that you have studied. 
Indicate clearly the kind of member from uvhich the thorns or 
prickles or spines are made in each case. [Oxf. and Camb. S.C.] 

6. Describe briefly five different types of plant organs the 

botanical nature of which is foliar, but which differ in function and 
form from foliage -leaves. [Camb. S.C.] 

7. Describe the leaves of (a) any bulbous plant such as daffodil 

or tulip, (b) a grass, (c) a plant that climbs by means of its leaves. 
Name the plant in each case. [Camb. S.C.] 
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8. Explain with the aid of diagrams how plants of three of the 
following types increase in size from year to year : common daisy, 
iniiit» couch grass (twitch), iris, strawberry, Solomon’s seal. 

[Oxf. and Camb. S.C.] 

9. Give an account of the various means of vegetative propaga- 

tion in plants, and of the use made of this by gardeners, farmei’s 
and fruit growers. " [Lond. Matric.] 

10. Describe exactly how you would proceed in order to grow a 

number of plants from a potato tuber and from the vegetative 
parts of a large plant of viola respectively. Include in your answer 
a brief description of the early stages of development in the new 
plants. [Joint Matric. Bd. S.C.] 

Chaptebs 5-7 

11. Describe as fully as you can the structure of any plant cell 
you have examined together with its contents. State the functions 
of the various parts and contents mentioned. [Lond. Matric.] 

12. What are carbohydrates 1 Name three carbohydrates com- 

monly found in plants, and refer briefly to their importance in the 
life processes of the plant. [Oxf. S.C.] 

13. What are the important food substances which a plant 

obtains through its root ? With what experimental work on this 
question are you familiar ? [Lond. Matric.] 

14. Give a well illustrated description of the storage organ, men- 
tioning the nature of the food stored, in the following : maize grain, 
crocus conn, tulip bulb, pea seed, lesser celandine tuber. 

[Load. Matric.] 

15. What food substances does a cereal crop, e.g., barley, obtain 
from the soil ? 'Which of these substances are most frequently 
present in insufflcient quantities in cultivated soil, and what means 
are adopted by cultivators to supply them ? [Oxf. and Camb. S.C.] 

16. Draw and describe one example of (a) a stem, (5) a root, 

(c) a leaf modified for the storage of foods, W^hat foods may be 
stored in these organs, and under ■what circumstances are they 
brought into use ? [Oxf. S.C."] 

17. Describe in detail the setting up of an experiment to de- 

monstrate the necessity of certain mineral salts in the soil for 
plant nutrition, [Oxf. and Camb. S.C.] 

18. Describe the method you would use and mention particu- 
larly the precautions you would adopt in order to determine 
whether the element potassium is essential for the proper nutrition 
and growth of any (named) green flowering plant. [Camb. S.C.] 

19. Explain clearly the process of osmosis. Describe the part it 
pla^^s in the nutrition of an ordinary flowering plant. 

[Scot. Leaving C,] 
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20. l\vo succulent stems were cut off from the sfimp . 
sp It lonfft nvise : one split stem was immersed in watel- md 
otlieir III a 10 per cent, salt solution. Compare and evnlain 1*,,’® 
as you can. the condition of the two stems ten minutes later. 

[Lond. Matric.] 

Chaptebs 8-9 

O, n- , . [Camb. s.c.l 

. 22 . tuve an explanation for the following : In a o-arden rv,o 
mg IS found to be necessary, whereas in a natural njfu- w i, 
continue to thrive without''suoh treatment. [Oxf. and Camb^S C*] 

23. Describe the appearance of a cross-section of a voutkt vnr ^^■ 
e.rj., a bean seedling. In what respect does it differ fronTtliat nf 

SV.S“ IS. '>■“* ' MtaSSon 

L^<3ot. Leaving C.l 

24. How does the green plant normally obtain its nitroo-Ar, '? 

in 

.hetSxSi'Sg K 1" “ 

“*• "f *i>» k- of a. i,ig „ S,; 

07 Ti - - 1 , • , . [Carnb. S.C.] 

(«) a dSedon! (4t‘mUcotyL"So^ ^VhatT t£\hLTl7 
of t^tSs® u meld^ anaccountof the function of ea^h 
no Tin . , Leaving c.l 

tinned from y“Lto%?aTr ^ growth eon- 

OQ ‘ ■ [Oamb. S.C.] 

trees. changes of deciduous 

in rv .... [Camb. S.C.] 

: 2S"o?.ir “f » 

■lilleLn, ,i™' to ‘1» f»«ion. of th; 

^ ' [Camb. S.C.] 

Chaptebs 10-13 

animal life. ^ essay on the interdependence of plant and 

[Scot. Leaving C.] 
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32. Draw a transverse section of the leaf of a typical dicotyledon 

as viewed under the microscope. Name all the tissues shown in 
your drawing. N.B. — Make your drawing large enough to show 
the thickness of the cell walls. [Scot. Leaving C.] 

33. How would you extract the chlorophyll from a leaf ? De- 
scribe an experiment to show that the light absorbed by chloro- 
phyll is useful in photosj^mthesis. How do you explain the fact 
that a copper beech leaf, or a red beet leaf, when put into boiling 
water, turns green whilst the water takes on a reddish tinge ? 

[Joint Matric. Bd.] 

34. (a) Describe how you would proceed to test a green leaf for 
starch. (6) State how you could use this starch test to show the 
necessity for the following factors in the formation of starch : 
(i) light, (ii) the presence of chlorophyll. [Joint Matric, Bd.] 

35. What conditions are essential in order that a green leaf may 

form starch ? Describe an experiment to show that oxygen is 
given oh during the process of starch formation, and state under 
what conditions the evolution of oxygen can be (a) increased, 
(5) stopped. [Cent. Welsh Bd. S.C.] 

36. Enumerate the various organs in plants in which tlie pres- 
ence of starch has been demonstrated ; describe one example of 
each, giving illustrative diagrams, and naming the plant in each 
case. Account for the presence of starch in the various organs. 

[Lond. Matric,] 

37. What are stomata ? Where are they found, how are they 
operated, and of what use are they to the plant ? 

[Scot. Leaving C.] 

38. Describe an experiment to illustrate root-pressure. What 
part may root-pressure play in the life of the plant ? 

[Oxf. and Camb. S.C.] 

39. Describe two experiments by which you could demonstrate 

that water vapour is given off from the surface of a green leaf. 
How is the water supplied to the leaf ? [Oxf. S.C.] 

40. Describe, with illustrations, any apparatus for demon- 
strating the process of transpiration in plants and for measuring its 
I'ate, What are the chief causes of variation in the rate, and how 
would you demonstrate them by experiment ? [Scot. Leaving C.] 

41. Describe an experiment by which you would determine the 

weight of water transpired during any definite period of time by a 
plant growing in a pot. [Oxf. and Camb. >S.C.] 

42. What do you mean by transpiration ? Describe how the 

rate of transpiration in a growing plant may be affected by the 
condition of (a) the air, (6) the stomata. [Camb. S.C.] 

43. How are land growing plants protected against excessive 

loss of water by transpiration ? [Scot. Leaving C.] 
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44. Yomig leaves sometimes show drops of water, which are not. 
dew-drops, at the tips of the veins in the early morning. Describe 
an experiment which helps to explain this phenomenon. Why are 
such drops usually not found later in the day ? [ J oint Matric. Bd.] 

45. Water usually runs off the surface of the leaf or stem of a 
seedling but readily wets the surface of its root. Can you give any 
reason for this diferent behaviour of water on shoot and root "? 
Discuss the significance of the observation. [Joint Matric. Bd.] 

46. What are the functions of a foliage leaf ? Give an exact 
accoimt of one experiment by which you would attempt to 
demonstrate one of the processes you have mentioned. • 

• [Bond. Matric.] 

47. Describe an experiment by which you could demonstrate 
the respiration of an actively growing plant. What parts of the 
plant are concerned in this process, and what is its importance ? 

[Oxf. S.C.] 

48. What is the importance of respiration, and w^hat parts of the 
plant are concerned in this process ? Describe an experiment by 
which you could demonstrate the respiration of germinating seeds. 

[Oxf. S.C.] 

49. What effects are caused by respiration ? Describe experi- 

ments by which you could demonstrate these effects with a flask 
of germinating barley grains. [Oxf. and Camb. S.C.] 

50. What is an enzyme (ferment) ? Mention any cases of 
enzyme action in plants you know, and describe one case fully. 

[Scot. Leaving C.] 

51. Give two examples of storage of carbohydrate food- 

material in plants. Describe the structure of any one storage 
organ and the manner in which the store is subsequently made 
available for use by the plant. [Oxf. and Camb. S.C.] 

52. Explain why photosynthesis results in gain of dry weight 
and respiration results in loss of dry w^eight to the plant. Cbn- 
cisely describe two experiments to demonstrate these facts. 

[Camb. S.G.] 


Chaptees 1449 

53. How could you demonstrate by experiment that a sxmflower 

seedling is unable to make direct use of the nitrogen of the atmo- 
sphere ? How do (a) leguminous plants, (6) insectivorous plants, 
obtain their supply of nitrogen ? [Cent. Welsh Bd. S.C.] 

54, Point out the chief di:Eerences between epiphytes, semi- 

parasites, and total parasites. Give two examples from each of 
any two of these groups of plants. [Camb. S.C.] 


QUESTIONS AND EXERCISES 


567 


55. “A flower is a shoot modified for the purpose of repro- 
duction.” Explain the preceding quotation, and give a detailed 
description of any complete actinomorphic flower that you know. 

[Cent. Welsh Bd. S.C.] 

56. With the aid of drawings describe in detail the structure of a 

pea flower. Show also the appearance of one half of the flower by 
means of a longitudinal section. [Camb. S.C.] 

57. Make large-scale drawings, fully named, to illustrate the 

structure of the flower in either the buttercup family (Ranun- 
culaceae) or the pea family (Legiiminosae). Write a brief descrip- 
tion of the flower you select, stating the fimction of each part and 
the mechanism of pollination. [Scot. Leaving C.] 

58. What parts of the flower give rise to (a) a seed, (6) a fruit ? 

Illustrate your answer with special reference to the fruits and seeds 
of pea, apple and sunflower. [Oxf. and Camb. S.C.] 

59. What is the part played by the flower in the life-history of a 
flowering plant ? Describe carefully, with drawings, the structure 
and fmiction of the parts of any insect-pollinated flower you know. 

[Scot. Leaving C.] 

60. How do flowers attract insect visitors, and wdiat advantages 

do the plants derive from these visits ? Draw vertical sections of 
two flowers visited by insects, and in each case explain how 
pollination is effected. [Oxf. S.C.] 

61. Describe in detail two different mechanisms for ensuring 
cross -pollination by insects, as exemplified in your local wild flora. 

[Oxf. and Camb. S.C.] 

62. Give a classification of dehiscent fruits and explain by 

means of drawings their modes of dehiscence. Which of these, in 
your opinion, are the most efficient in securing the dispersal of 
seed ? [Cent. Welsh Bd, S.C.] 

63. Show by means of diagrams the structure of four different 

kinds of dehiscent fruits and in each ease describe the method of 
seed dispersal. [Joint Matric, Bd.] 

64. Draw^ and describe the structure of five common succulent 

fruits, and in each case mention the parts of the flower which 
persist in the ripe fruit. [Oxf. S.C.] 

65. What is the fundamental diflerence between a fruit and a 

seed ? Show by the aid of diagrams the changes undergone by 
the pistil of a pea (or bean) flower as the fruit develops. What 
parts of the mature pea (or bean) fruit and of a ripe cherry (or 
named fleshy tropical fruit) are comparable ? [Camb. S.C.] 

6 6 . Make clearly labelled diagrams and point out the diflerences 
between a pea (or bean) seed and a maize grain (or castor oil seed). 
State what changes take place in the reserve food during germina- 
tion. [Camb. S.C.] 
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m tliB f.m.l, (“ „,t„„i orter ”). [Oxf.'^id Omb.Sc"! 

68. Illustrate by means of fully labelled diaaramd. +i, . ' ' ' 

ir='L‘K “ “•* “0 «■*.” ,s 

[^'®nt. Welsh Bd.l 

seed^ ? 'lIluLrate yom'^answer^by Sw '^'®*“guished from a 
four aohenial fruits. ^ drawings and descriptions of 

•p. [Oxf. S.o ] 

particularly suited to trees ’ ^ dispersal seem to be 

71 -n , ■ [Camb. S.C.] 

[Oxf. and Camb. SC] 

in ‘■“Mbn W. 

potato, wheat, cherry, dandelion tV.tfn ''®getative means j 
oak-tree, pea or beam strawberry, tulip or daffodil, 

L^cot. Leaving C.] 

the flower from which the fruit ha* of 

of dismensal of the seeds : 45 
^.»b.„y, bl„kb.„y,='d.i£ 

[Oxfl S.c.j 

•ny Sll? “S'?”?* >»'>■ »f 

nettle sting, an acorn, a 'rosr“Thom,» ^rS’e." 

[Scot. Leaving C.] 

[Scot. Leaving C.] 

ing paire^of OTgans f^af Radicle between the follow- 

W Mf md seed, (d, b,«t „d nllpulb?W 

_ [Lond. Matric.} 

compound 5eaf,^4wntitioS4oY^b^°*4“® ' '^bizome. 
Sketch an example of each civino- tiio scale leaf, aohene ’ 

it belongs. ^ ^ *be name of the plant to which 

;[Lond. Matric,]' ■ '• 
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Chaptebs 20-22 

78. How would you determine the dry weight of a number of 
seeds ? What changes take place in {a) the wet weight, (6) the 
dry weight, during germination up to the time of the appearance 
of shoots above ground ? Explain the changes. [Lond. Matric.] 

79. What conditions are necessary for the germination of seeds ? 

Show in detail how you would try to find the effect of different 
temperatures on germination. [Camb. S.C.] 

80. How could you show that one of the constituents of the air 

is absorbed during the germination of seeds ? What is this gas, and 
why is it necessary to the germinating seed ? [Oxf. S.C.] 

81. How does the method of germination of the pea or broad 
bean differ from that of such plants as the sunflower, French bean, 
or castor oil ? Illustrate your answer by diagrams of successive 
stages of germination, choosing a seed from each of these tW'O types. 

[Cent. Welsh Bd.] 

82. Describe in detail a typical seed, and explain the uses of the 
different parts. Explain the terms “ endospermic,” hypogeal,'’ 
‘■iiypocotyl,’’ and “ epigeal.” 

83. The following figures give the height of a sunflower plant 

measured every two %veeks for a period of twelve weeks. On the 
squared paper provided make a graph (in pencil) of these results, 
and state what you can learn from the graph about the plant 
during the period of the experiment. Attach the graph to your 
answers. [Uaml). S.€%] 


Time 

Height of plant 

At beginning of 1st week 
„ end of 2nd „ 

■„ . „ 4th 

,, ,, 6th „ 

„ 8th „ 

10th „ 

12th ,, 

3 ins. 

1 ft. 3 ins. 

4 ft. 0 ins. 

7 ft. 9 ins. 

10 ft. 1 in. 

11 ft. 3 ins. 

12 ft. 0 ins. 


84. Two exactly similar sets of bean seeds are growm (a) in the 
dark, (6) in the light. Mention any differences that w'ould be 
noticed between the seedlings at the end of three weeks. How 
would the dry weights of the two sets of seedlings differ from the 
dry weight of the original seeds ? Explain these differences. 

[Joint Matric. Bd.] 

85. By w^hat external stimuli is the direction of growth of stems 

affected ? Describe experiments by which you would prove your 
statements. ,[Lond. Matric,] 
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86. Mention two external factors which affect ftiA . 

direction of stems and roots. How could you determine W 

ment the action of one of these factors on both thS^ orgam 

[Joint Matric. Bel.] 

By what means would you proceed to «!bnw 
(a) gravity, (6) light, on the direction of growth of root andXoM 

oo . [Lond. Matrie.i 

88. Describe m detail an experiment designed to demon=!tr«+ 

i of a raft to the stTmulus *7 

BO 7. , and Camb. 8.C.1 

89. ^ive exarnples of plant members that respond to cnn+o„t 
In each case exp am the particular manner in w&ch the mS^,Ki■ 
responds, and point out the utility of such behaviom to thT^T 

[Cent. Welsh Bd.j 

Chapters 23-24 

soil “ account of the structure and properties of a fertile 

0 , , [Cent. Welsh Bd.] 

Qo n- heaving C,] 

“ ., [Oxf. and Camb. S.C.] 

plant assoefatSnr^ other factors in relation to 

0.1 T. nnd Camb. S.C.l 

and Camb S C '{ 

97 «^1„ .c , S-C.] 

one of the fonowing“haWtet7f‘^(af in VLead w “(6 ) f 

would identify it^ cisely the characters by which you 

Q» p, . , . [Joint Matric. Bd.] 

moor’, ^^eniLk'teStenl^^^^^^ eSeM£wX£ 
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Imbitat in their form and structure, (a) Name one such specialised 
habitat and briefly describe the main conditions affecting plant 
growth there. (6) By means of labelled sketches illustrate the 
correlation with their habitat in their form and structure of three 
plants commonly found in the habitat named by you under (a). 

[Joint Matric. Bd.] 

99. Either 

Give the names of three plants which ^ow with leaves submerged 
in water. How do such leaves obtain the gases necessary for 
respiration and photosynthesis ? Mention the chief wnys in which 
these water plants differ from land plants. 

Or 

Mention three common methods by which weeds spread and 
illustrate each method by a diagram of a specific example. 

[Joint Matric. Bd.] 

100. Give an account of the vegetation of any type of wood and 

the adaptations of the various plants found there which suit them 
to this environment. [Lond. Matric.] 

101. Describe the flora, and the conditions under which plants 
grow, in any two of the following habitats ; (a) an oakwood, 
(b) a heath or common, (c) a marsh, \d) a peat bog, (e) a sand dune. 

[Lond. Matric.] 

102. By what general methods do plants economize their water 

supply ? Give one example of each kind of adaptation that you 
mention, taking your examples, as far as possible, from plants in 
your own neighbourhood, [Cent. Welsh Bd.] 

103. Compare the leaves, stems, and roots of a typical herba- 
ceous land plant (named) with those of a typical water plant 
(named). (Microscopic detail is not required.) [Camb. S.C.] 

104. Contrast in a detailed way the flowws in a daffodil and 
those in. a buttercup. Mention any other features of importance 
in which these plants differ. 

What use is made of these differences in the classification of 
plants ? [Scot. Leaving C.] 

105. Show, by means of labelled sketches only, the structure of 
(a) the fruit and the arrangement of the seed or seeds in any 
named species of Ranunculus, (h) any other types of fruit kiiowm 
to you as occurring in the family Banunculaceae. 

[Joint Matric. Bd.] 

106. Draw median longitudinal sections of the flower of the dog 
rose (Rosa) and of the buttercup (Ranunculus). What are the 
reasons for placing these two plants in difierent families ? 

■ [Camb.S.C.] 

107. By what characters would you decide whether a given 
plant belonged to the Rosaceae or the Banunculaceae ? Name 
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four plante belonging to each family, and mention anxr \ ^ 
botameal interest about each plant/ [Cent! Wekh f cl 

1 08. State clearly how three of the followins trees can f ’ ' 
mzed m Spring : sycamore, ash, lime, elm, alder, oak ^ 

[Joint Matrio. Bd l 

_ 109. By what features would you recognize three of tl-,.. r„n 
mg trees m winter : ash, lmrse4hestnut,®^eecricotch pin^^'-' 

[Cent. Welsh Bd.] 
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Ahronia^ 189 
Absciss layer, 204, 205 
Acacia, 46, 76, 78, 79, 131 
Acetic acid, 280 
Acetone, 215 

Achene, 411, 412, 439, 440 

Acorn, 454 

Adhesion, 238, 239 

Aerenchyma, 508 

Aeroplane, 41, 135 

Afforestation, 195 

Agricultural Society, Royal, 552 

Agriculture, 174 

Agrimony, 438 

Air, Bepiilogisticated, 219. 

Albumin, 135 

Alcohol, Amyl, 124, 278 ; Biitvl, 
278 ; Ethvl, 215, 269, 270, 
278, 285, 286; Power, 280; 
Propvl, 278 
Alder, 37, 523 
Aleurone grain, 136 
AlgsB, 16, 503, 510, 531 
Alkaloids, 362 

Almond, 138, 334, 426, 428, 429 ; 

Bitter, 334, 428 ; Sweet, 334 
Alpine plants, 25 
AlsophyUa crinata, 19 
Amici, G. B., 405 
Amicia zygomeris, 492 
Amino acid, 529 

Ammonium : carbonate, 176 ; com- 
pounds, 176 ; sulphate, 120 
Amphibians, 22, 530 
Amygdalin, 334, 429 
Anabolism, 465, 468, 469 
Anaesthetic, 364 
Anatomy, 90 

Anchorage of plants, 158, 159, 
160' , 

Androecium, 882, 383, 389, 390, 
391 

Anemone, Wood, 24, 411, 515 
Angelica, 347 


Angiosperms, 19, 20, 138, 392, 531 
ilnnuals, 24 

Annual rings, 39, 40, 184, 185, 
188 

Anther, 384, 385, 397, 398 
xAnthocyanins, 331, 352 
xAnthoxan thins, 331 
xAnthrax, 291 
Anti-enzymes, 226 
Antiseptic surgery, 292, 293 
Antique furniture, 41 
Aphides, 295 

Aphis ; Black, 295 ; Green, 295 
Apple, 65, 98, 125, 197, 199, 313, 
370, 406, 433, 434 ; Seed of, 406 
xApricot, 125, 427 
Aquatic plants, 22 
Arable land, 517, 518 
Arboreal plants, 503, 504 
Arctic plants, 25 
Areca palm, 305 
Aril, 442 

Aristotle, 3, 11, 88, 529 
xArrowhead, 607, 520 
xArrowroot, 127, 128, 129 
Artichoke, Jerusalem, 61, 65, 127, 
225 

Arum, 46, 517 
xAseptic surgery, 293 
Ash, 36, 40, 46, 50, 414, 415 
Association : Ash wood, 514 ; 

Aquatic, 519 ; Beech wood, 513 ; 
Pormation of, 511 ; Heath, 521, 
523 ; Hedgerow, 516 ; Marginal, 
519 ; Marram-grass, 526 ; Mea- 
dow, 517 ; Moorland, 522 ; Plant, 
511; Reed-swamp, 520 ; Sand- 
dune, 525 
Astragalus, 131 
xAttar of roses, 347 
Autumn coloration, 334 
xAvens, 438, 439 
Axil, 30, 32 
Azotobacter, 175 
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Bar ill iw radicicola, 172, 173, 175 
Bacteria, ti, 8 , 16, 17, 42, 97 , 171, 
172, 173, 174, 176, 176, 291, 471, 
536; Denitrifying, 177; in 
plants, 290 ; ‘Parasitic, 291 ; 
Putrifying, 307 ; Types of, 17 
Bacterium, accti, 280 ; '' denitrificans^ 
170 

Baking, 130 

Balfour, Sir Andrew, 289 
Bamboo, 56, 464 

Banana, 45, 65, 71, 72, 125, 304, 
306, 369, 423, 424, 543 
Banks, Sir Joseph, 544 
Banyan, 54, 55 
Barberry, 70, 84, 298 
Bark, 42, 186, 188 
Barley, 24, 123, 130, 161, 275, 470 ; 

root, 161 
Barm, 275 
Bary, Anton de, 92 
Bateson, W., 92, 540, 544 
Beagle, HALS., 90, 317, 531 
Bean, 128, 170, 222 , 295, 392, 393, 
441, 488 ; Broad, 117, 172, 174, 
444, 445, 459, 478 ; Runner, 35 , 
73, 190, 242, 459, 467, 492 
Beech, 22 , 34, 41, 196, 212; 

wood, 307 
Beer, 124, 275 
Beet, 25, 53, 98, 453 
Begonia, 81 
Belt, Thomas, 342 
Beriberi, 367 
Bernard, Claude, 3 
Berry, 420, 421, 422, 423, 424, 
425 

Biennial, 25 
Bilberry, 243, 521 
Bindweed, 64, 510 ; Lesser, 518 
Binz, 362 
Biology, 10 
Biotic factor, 512 
Birch, 125, 196 
Birds as pests, 458 
Bird’s-foot trefoil, 391, 526 
Bird’s-nest orchis, 169, 307, 514 
Biuret reaction, 144 
Blackberry, 69, 71, 73, 435 , 437 
Blaekmann, P. P., 151 
Blackthorn, 516 

Bladdenvort, 321, 329, 491, 504, 

Blasting gelatine, 134 


15 . 


‘ Bloom’, 242 
Blown oil, 139 

®409ll4"^5lf>T®f’ 391. 

|U9, ol4, olo , Inflorescence of, 

Bole, 22 

Boot blacking, 126 
Bordeaux miitnre, 301, 305, 4‘>7 
Boswellia, 348 ^ 

Bi^any, 1 , 2 , 10 ; Diyisions of, 88 • 
Systematic, 86 ’ 

Botrytis, 464 
Bower, F. 0 ., 90 
Box, 23, 46 
Brabourne yew, 25 
Bracken, 17, 243, 515, 522 
Bract 78, 80, 375, 379, 416, 438 
Bramble, 23, 84, 516 
Brandy, 278 

Bread : Baking of, 274 ; Percen- 
tage composition of, 137 
Breeding, 88 
Brewing, 275 
Bridle, 97 
Brilliantine, 432 
British Association, 90 
Brooks, S. C., 151 
Brown, B., 90, 93, 403 
Brownian movement, 93 
Brunfels, 0 ., 88 

199. 516. SIS ; 

VV Jute, 73 
Bryophyllum, 

Bryophyta, 17 
Buchner, 464 

Bud, 32 ; Adventitious, 35 ; Axil- 
— ’ I>ormant, 
54 ; Idower, 34 ; Leaf, 34 , 473 • 
scales, 43, 44 ; Terminal, 30, So’ 
43, 44, 65, 68 , 74 . Winter, 473 
Budding, 82, 199, 201 ; of yeast. 

Bulb, 67, 74, 75, 222 

BuHer, A. H. B., 310 

Bulrush, 520 

Bur, 438 

Burbank, L., 545 

Burdock, 438 

Burns, 339 

Burweed, 519 

Bush, 203 ; tree, 199 

Butcher’s broom, 72, 74 , 84 
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Butler, B. J., 303 

Buttercup, 29, 30, 33, 50, 78, 332, 
375, 381, 382, 384, 390, 396, 400, 
411, 455, 517 ; Creeping, 517 ; 
Water, 507, 520 
Butterwort, 318, 319, 328, 523 
Buttress root, 58, 60, 61 

Cabbage, 205, 242, 369, 459 
Cacao, see Cocoa 

Cactus, 58, 62, 63, 7 6, 245, 246, 2o4, 
491, 504 

Caesalpiniis, A,, 88 

Caffeine, 357 
Caffeone, 357 
Cake- making, 428 
Calciferol, 370 

Calcium, 117, 500 ; carbonate, 500 
Calico-printing, 131 
Callus, 471 
Calorific value, 263 
Calyx, 381, 382, 385, 386, 387, 389 ; 
petalloid, 387 

Cambium, 181, 182, 183, 184, 185, 
187, 197, 463, 471 ; Cork, 186 ; 
Faseieular, 183 ; Interfascicular, 
184 

Camerarius, R. J,, 384 

Campion, 34 ; Bladder, 491 
Canadian pond weed, 157, 231, 520 
Candle, 432 
Candytuft, 377, 378 
Cane-sugar, 124, 272 
Canning, 426, 434 
Capillarity, 502 
Capituium, 379, 380, 438 
Capsule, 418, 419, 420 
Carbohydrate, 85, 111, 123, 134, 
146, 169, 173, 214, 218, 224, 264, 
428,529 

Carbon, 8, 113, 137 
Carbon cvcle, 269 
Carbon dioxide, 124, 218, 220, 229, 
■257,470, 504,. 

Carboniferous period, 265 
Cardboard, 192 
Carnarvon, Lord, 455 
Carnation, 30, 81, 346 
Carotene, 216, 217, 332, 369 
Carpel, 78, 80, 382, 393, 394, 396, 
405, 416, 424, 426 
Carpet, 133 
Carter, How’ard, 455 
Caryopsis, 455 


Cassava, 129, 130 

Castor oil, 139 ; plant, 136, 139, 
224, 447 ; plumule, 466 ; seed, 
406, 457, 461 
Catalysis, 223 
Catkin, 399 
Cattle food, 126, 139 
Cedar, 41, 347 

Celandine, Lesser, 53, 386, 490 
Celery, 475 

Cell, 93, 95, 96, 97, 146, 154, 160, 
462; Companion, 99, 100; Daugh- 
ter, 160 ; division, 160 ; Gnard, 
210, 211, 213, 235, 236; Meri- 
stematic, 160; Mesophyll, 235; 
Mother, 160 : Parenchymatous, 
99, 103, 136, 138, 160, i67, 204; 
Stone, 101, 102, 133 
Cellite, 135 

Cell-sap, 96, 124, 135, 151 
Cell-wall, 7, 98, 97, 123, 131, 152, 
160 

Celluloid, 135 

Cellulose, 96, 105, 114, 123, 126, 
131, 132, 135, 143 ; acetate, 135 ; 
Compound, 133 

Central Cotton Committee, India, 
306 

Central Experimental Farm, Ot- 
tawa, 306 

Centrifugal force, 485 
Cereals, 130, 134, 137, 171 
Chalk, 499 

Champagne, 279, 422 

Champignon, 311 

Charcoal, 42 

Charlock, 454, 519 

Chemotaxis, 480 

Chemotropism, 489 

Cherry, 199, 377, 378, 426, 437 

Chewing-gum, 124, 131 

Chickweed, 518 

Chile saltpetre, 120 

Chilli, 351 

GhlamydoKtionas, 6, 7, 12, 97, 112, 
480 

Chloroform, 473 

Chlorophyll, 9, 16, 63, 1 1 8, 143, 173, 
203, 207, 214, 217, 220, 222, 227, 
229, 334, 447 
Chloroplast, 207, 210, 218 
Chlorosis, 117 
Cholera, 291 
Gkondrillaf Z4t4: 
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Christmas rose, 387 
Chromosome, 540 
Cfirysantliemum, 470 
Cider, 279, 433 
Cigar, 346 
Cigarette, 344, 346 
Cinchona, 362, 863 
Cinematograph film, 135 
Cineraria, 112 
Cinnamon, 347, 349 
Circumnntation, 487 
Citrus fruit, 425, 426 
Cladode, 72, 74 

Classification : of flowering plants, 
11, 553 ; How to study, 549 
Clay, 500 

Cleavers ( G oosegrass), 438, 516,617 
Cleistogamic flower, 398 
Clematis, 387, 516 ; fruit, 439 
Climatic factor, 512 
Climbing: plant, 73, 516, 517; 
root, 56, 59 ; stem, 188, 190, 191, 
192 

Clothing, 341 
Clove, 346, 349; oil, 349 
Clover, 46, 123, 170, 295, 298, 470 
517,521; White, 517, 621 
Club- moss, 266 
Coal, 42, 266 ; gas, 268 
Cobalt chloride test, 252 
Coca, 364, 366 
Cocaine, 349, 364, 365 
Cocoa, 304, 357, 358, 359, 360 
Coco-nut, 139, 406, 416, 426, 429 
430, 431, 432, 441, 457 ; oil, 139 
palm, 430 
Cod-liver oil, 369 

Cafifee, 304, 355, 356, 357 ; bean, 
356 ; leaf disease, 304, 357 
Cohesion, 149, 238 ; Theory of, 239 
Cohort, 548 
Coke, 268 
Collenchyma, 181 
Colloid, 94, 529 
Colonisation, 509 
Colorado potato beetle, 295 
Coltsfoot, 374 

Columbus, Christopher, 14, 342, 344 

Combustion, 263 

Conimiphora, 349 

Commuiiitv, 510 

Competition, 509 

Compositae, 378 

Condensed milk, 124 


Condiments, 348, 350 
Conifer, 196, 244, 334 
Coniferin, 334 
Convolvulus, 190, 191 
Copper beech, 539 
Coppicing, 35, 37 
Copra, 432 

471; Bottle 
43, 93; cambium, 186; lino 43 . 
my ting, 43 ; footwear, 43 ’oak.’ 

Corm, 61, 66, 67 
Corncockle, 519 
Cornfleld, 518 

Cornflour, 129, 332 

Corolla, 382, 387, 388, 390, 391 

Correns, C. E., 542 

Cortex 164 165. 167, 181, 182 

Corymb, 377, 378, 380 
Cosmetics, 348 

Cotton, 131, 132, 133, 134. 135, 

sat^rniurm ' §^"^^>022, 

Cotton -seed oil, 138 
Cotyledon, 445, 446 
Cbuch-grass, 64, 83 ; Sea, 525 
Council for Scientific and Industrial 
Kesearch, Australia, 306 
Cowpox, 294 
Cowslip, 375, 408, 517 
Crab apple, 199 
Cress, 205, 419, 474 
Crew, F. A. E., 544 
Cricket bat, 40 

Crocus, 61, 66, 67, 83, 389, 491 

Cross -leaved heath, 242, 243, 254 
52 1 * 

Crystallo-colloid, 94 
Crystalloid, 94, 529 
Crystalloid (protein), 136 
Cucumber, 426 

Oidture, 114; Pot, 115, 118, 119; 
Sand, 118, 119; Soil, 114, 116; 
solution, 117, 141 ; Water, 117, 
120 * 

Cujmle, 416 

“2, 423 ; Diseases of, 
423 ; Dried, 422 
Cuticle, 807, 235, 244, 245 
Cutting, 81 
Cyanin, 332 ,, 

Cyanogenetic glycosides, 429 
Cyclamen, 336 
Cyme, 379, 380 
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(V press, 

(Vtuplasm, 7, 95, 97, 127, 138, 160 

UafTodil, 78, 82, 332 
Dahlia, 52 

Daisy, 68, 378, 379, 491, 517, 531 ; 
■Ox -eve, 517 

Dandelion, 18, 22, 46, 48, 158, 188, 
190 , 340, 378, 391 , 440 , 510, 517, 

531 

Darwin, Charles, 89, 317, 322, 457, 
499, 531 

Darwin, Erasmus, 532 
Date, 426, 454 ; palm, 131, 454 
Dawson, Sir John W., 534 
Dead: matter, 2 ; tissue, 100 
Deadnettle, 390, 517 
Deal, 41 

Deciduous tree, 25, 203, 244 
Deforestation, 195 
Deiphinin, 332 
Delphinumi, 332, 375 
Dengue, 294 
Deplasmolysis, 153 , 157 
Desert plants, 99, 504 
Diabetes, 124 
Diabetic sugar, 124 
Diagrams, Preparation of, 49 
Diastase, 224, 226, 232, 274 
Diehasium, 379, 380 
Dicotyledon, 445, 547 
Diet, 205 

Dietetic values, 140 
Diffusion, 155 
Digestion, 8 
Dioecious plants, 374 
Diphtheria, 291 
Diachidia raffleManUi 504 
Disease, 87, 287, 471, 473, 543; 
Foot and mouth, 294, 303 : 
Panama, 305 ; Tobacco mosaic, 
295 ; Virus, 294 

Dispersal of seeds and fruits, 437, 
438 , 439 , 440 ; Animal, 437, 438 : 
Mechanical, 441; Water, 441; 
Wind, 439 , 440 

Dissolved substances, Absorption 
of, 154 

Distributed plant, 513 
Division of labour, 97 
Dixon, H. H., 151, 240 
Dodder, 298, 299 , 300 , 315 
Dominant : characteristic, 542 ; 
plant, 513 


Dominion Rust Laboratory, Winni- 
peg, 306 

Dormancy of seeds, 452 
Douglas, A, E., 39 
Douglas fir, 193 
Downe, 90, 499 
Down House, 90 
Drainage, 501, 523 
Drosophyllum, 320 
Drug, 362 

Drupe, 426 , 429 , 430 , 431 , 482 , 435 
Dry-rot, 312 

Dry •weiffht, 140, 465, 474 
Dye, 268, 333, 338 
Dyera costulata, 342 
Dysentery, 291 

Earth, The jdanet, 527 

Earthworm, 374, 499 

East Mailing Horticultural Re. 

search Station, 303 
Ebony, 41, 196 
Ecology, 86, 503, 524 
Edaphic factor, 512 
Eel- worm, 296 ; disease, 413 
Egg, 373, 385, 397, 403, 405 , 540 ; 

of fern, 481 ; VVTiite of, 94 
Egg-cell, 373 
Maeis gimieensis, 139 
Electric lamp filament, 134 
Electrical apparatus, 341 
Elements, Chemical, in food, 8 
Elm, 22, 35 , 41, 46 , 196, 212 
Elodea, 157, 231 , 520 
Embryo, 372, 404, 430, 431 , 445, 
448 , 449 , 450, 455 ; sac, 403, 405 
Enchanter’s nightshade, 517 
Endocarp, 426,- 430, 431 
Endodermis, 164 , 165 
Endosperm, 404* 406 , 431 , 444, 450, 
455 ; nucleus, 403, 405 , 430, 431 , 
Energy, 255, 450 ; Chemical, 261 ; 
Electrical, 261 ; Heat, 255, 261 ; 
Kinetic, 255 ; Plant, Forma of, 
261 ; Potential, 255, 268 ; Rad- 
iant, 256 ; Release of, 257 ; 
Source of, 256 
Environment, 497, 502 
Enzyme, 223, 232, 203, 274, 320, 

■ 322, 327, 346, 352, 354: Action, 
Reversibility of, 226 ; Anti-, 226 
Ephemeral, 24 
Epiearp, 426, 430, 431 
Epidermal hairs, 209 
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Epidermis, 181, 807, 810, 811 
Epipliyte, 503 
Erosion, 196, 497 
Erysipelas, 291 
Ether,. 347 
Etiolation, 474 
Evaporation, 235 
Evening primrose, 491 
Evergreen, 25, 208, 244 
Exudation, 841, 248, 253 
Eye -spot, 7, 481 

Fairy -ring, 311 
False septum, 418, 419 
Faraday, Michael, 1 
Fat, 95, 111, 137, 144, 214, 218, 
.224, 264, 428 
Fauna, 86 

Fehling’s solution, 142 
Fen, 36, 523 

Fermentation, 124, 225, 270, 346, 
354 

Fern, 17, 510, 517, 531 ; Hart’s 
tongue, 19 ; Restoration of, 265 ; 
Shield, 18 

Fernandes, Francisco, 345 
Fertilisation, 373, 399, 402, 405, 
407, 410 

Fertiliser, 115, 120, 126 

Fibre, 101, 103 

Ficus elasHcUy 343 

Field work, General directions, 51 

Filament, 384, 398 

Filbert, 416 

Fir, 18, 196 

Flax, 139 

Floors, Block and parquet, 41 
Flora, 86, 91 

Floral : diagram, 395, 396 ; form- 
ula, 394 ; organs. Modified fol- 
iage leaves, 80 ; structure, 
.Diversity of, 385 ; structure, 
Representation of, 394, 396 
Flour, 130, 137, 274 
Flower, 372 ; Actinomorphic, 388, 
395, 396 ; Artificial green, 330 ; 
Oleistogamic, 398 ; Colour of, 
330, 400 ; Epigynous, 394, 395 ; 
Floral formula of, 394 ; Herma- 
phrodite, 374 ; Hypogynous, 
394, 395; Longitudinal section 
of, 395, 396 ; Modified shoot, 78 ; 
Pengynous, 394, 395 ; Unisex- 
ual, 374 ; JJJygomorphic, 388 


Flowering plant, 526, ,538 : Types' 
of., 22 

Fluorescence, 215 
Fodder, 170 
Follicle, 417, 418 

Food, 9, 111 ; By-products of. 111 ; 
manufacture, 203, 214 ; storao-o' 
28, 52, 98, 136, 138, 167, 446] 
transport, 99, 163 ; Potontial 
energy in, 257; Respiratory 
values of, 864 
Fool’s parsley, 378, 379 
Footwear, 341 
Forage, 3(5 
Forcing, 475 

Forest: fires, 195; Physiographical 
effects of, 195; Products Re- 
search Laboratory, 1 96 ; trees 
167 ; Tropical, 56, 221 
Forestry, 192 

Forget-me-not, 332 ; Water, 519 
Formalin, 302 
Formation, Plant, 511 
Formic acid, 209 
Fortingall yew, 25 
Fossil, 91, 266, 867, 527, 533 
Four- course system, 123 
Foxglove, 22, "25, 515, 517 
Frankincense, 348 
Frog, 22 

Fruit, 407, 410; Aggregate, 435; 
cultivation, 410 ; Dehiscent, 419, 

417, 418, 419, 429; Dry, 410, 
411, 412, 413, 414, 416, 4i6, 417, 

418, 419, 420 ; farming, 434 ; 
Hooked, 438, 439 ; Indehiscent, 
410, 411, 412, 413, 414, 415, 416, 
417-; Plumed, 439 ; Succulent, 
410, 420, 421, 422, 423, 424, 425, 
426, 427, 433, 434, 485 

Fuehsiay ,30, 214, 227, 478 
Fucoxanthin, 217 
Fucusy 13, 14, 217 
Fuel, 40, 42, 126 : Motor, 280 
Fungicide, 305, 366 
Fungus, 16, 20, 167, 273, 290, 290, 
471, 510 : Mycorrhizal, 168, 169 
Furniture, 41 
Fusion, 373 

Gall, 336, 337, 338 
Gamete, 372, 383, 397, 399, 403, 
540 

Garlic, 517 ; mustard, 517 
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Gaseous interchange, 45 
Gates, B. R., 544 
Gel, 94 

Genetics, 2, 88, 92, 542 
(tens, 547. ; 

Geography, Plant, 2, 86, 509 
Geotropism, 478, 482, 483, 484, 485, 
486, 487 

Geranium, 30, 81, 332, 347, 416, 
441 ; Field, 417 
Germander speedwell, 517 
Germination, 444 ; Acceleration of, 
456 ; Capacity for, 456 ; Con> 
ditions suitable for, 449 ; Epi- 
geal, 446, 447; Hypogeal, 446 ; 
Rate of, 460 
Geum, 439 
Gill, 310 
Gin, 278 
Ginger, 347 
Gladiolus^ 63, 82 
Gland, 319, 321, 322, 32G 
Glasswort, 509 
Gliadin, 137 
Globoid, 136 

Glucose, 124, 131, 222, 226, 270, 334 
Gluten, 137 
Glycerine, sm glycerol. 

Glycerol, 138 “ 

Glycoside, 334, 346 ; Cyanogenetie, 

■,'■'335 ■ 

Godwin, 524 

Goebel, K. R., 90, 325, 490 
Goethe, J. W., 80 

Gooseberry, 69, 71, 121, 392, 393, 
402 

Goosegrass, 438, 516, 517 
Gorgonzola cheese, 309 
Gorse, 23, 76, 170, 243, 298, 515, 
522 ; Dwarf, 24 
Gourd, 190 
Graft, 197, 198 

Grafting, 82, 197 ; Splice, 198 ; 

Whip (tongue), 198 
Grape, 124, 278, 332 ; fruit, 360, 
425 ; vine, 73, 75, 422 ; sugar, 
see glucose. 

Grass," 22, 30, 46, 47, 171, 463, 
517, 519 ; Curvature in stem of, 
487 ; Halophytie, 508 ; Stamens 
of, 464 
Gravel, 500 
Gravity, 482 

Grew, N., 90, 93, 216, 384 


Ground-ivy, 83, 517 
Groundsel', 24, 50, 518 
Growth, 4, 160, 462 ; Conditions 
suitable for, 468 ; Demonstra- 
tion of, 464, 475, 476 ; Force 
produced by. 466 : Grand period 
of, 467, 468 ; Intercalary, 463, 
487 ; Localised, 462 ; Measure- 
ment of, 464 ; Rate of, 464 ; in 
stem, 463 : in root, 463 ; in 
thickness, 37, 183, 463 
Gum, 127, 131 ; arable, 131 ; 

Chewing, 131 ; tragacanth, 131 
Gun cotton, 134 
Gymnosperm, 18, 531 
Gynoecium, 382, 391, 393, 394, 395 

Haberlandt, G., 155 
Habitat, 86, 502 
Hmmoglobin, 258 
Hairs, 33, 209 
Hakea, 245, 254 
Haldane, J. B. S., 544 
Hales, S„ 247, 249 
Hall, Sir Daniel, 559 
Halophyte, 508, 509 
Haptotropisra, 490 
Hardwood, 192, 196 ; Temperate, 
192 ; Tropical, 192 
Hart’s tongue fern, 17, 19 
Hats, 192 

Haustorium, 299, 300, 313 

Hawk bit, Rough, 491 

Hawkins, Sir Richard, 366 

Hawthorn. 71, 73, 83, 516 

Hav -making, 171 

Hazel, 65, 399, 400, 416, 516 

Heart w'ood, 37, 39 

Heath, 167, 523 

Heather, 111, 299 ; Bell, 521 

Hedge- mustard, 517 

Hedgerow', 516 

Heiiotrope, 347 

Hemileia vaslatriXf 357 4 

Hemlock, 378 

Henbane, 457 

Hepaticse, 17 

Herb, 23 

Herbarium, 550 

Heredity, 537 

ifewea, 342 

Hilum, 127, 444, 445 
Hm, Sir Arthur, 306, 544 
Hofmeister, W. F. B., IK) 
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Hoklfast, 14 

Holly, 25, 75, 77, 84, 208, 211, 215, 
515 

Honesty, 418, 419 
Honeysuckle, 190, 192, 516 
Hook; 71, 73 
Hooke, E., 93 

Hooker, Sir Joseph, 91, 535, 544 
Hooker, Sir William, 544 
Hop, 190, 275, 276, 374 
Hopkins, Sir F. Gowland, 368 
Hornbeam, 22 

Horse-chestnnt, 22, 23, 44, 46, 50, 
473 

Horsetail, 266, 520 
Horticultural Society, Royal, 402, 
434, 552 

Houndstongue, 43S 
Houseleek, 68, 70, 83 
Humidity, 236 

Humus, 118, 169, 175, 310, 499 
Hurfey, T. H., 529 
Hyacinth, 83, 222, 347, 375, 390 
Hybrid, 541 

Hydathode, 241, 242, 253 
Hydrangea^ 212, 214, 222 
Hydrogen, 8, 113, 123, 137 
Hydrophyte, 504, 505, 606, 507, 
508 

Hydrotropism, 489, 495 
Hyphae, 296, 307, 308 
Hypocotyl, 446, 446, 447, 463 

Ice*cream, 124 
Ice plant, 112 
Illuminant, 139 

Imperial Chemical Industries, 121 
Imperial College of Tropical Agri- 
culture, 306 

Imperial Forestry Institute, 197 
Imperial Mycoiogical Institute, 
303 

Impermeable membrane, 147 
Incense, 348 

India-rubber, 135, 242, 342 
Indican, 335 
Indigo, 335 

Inflorescence, 375, 376, 377, 878, 
379, 380, 408 
Influenza, 294 
Ink, 338 
Insecticide, 366 
Insectivorous plants, 316, 523 
Insects, 400 


Integument, 403, 405 
Intercellular space, 207 
Internal organisation, 86 
Internode, 33, 63, 469 ; Growth of 
467, 468 
Involucre, 379 
Iodine, 113 

Iris, 46, 48, 64, 78, 210, 222 
519 * 

Iron, 113, 414 
Ivy, 46, 55, 59, 82, 189 
Iwanowski, 295 

Jam, 124, 274, 423, 435 ; -makiinr 

413 

Jasmine, 346 
Jelly, 94 
Juniper, 278 
Jute, 133 

Katabolism, 466, 468 
Keel, 389 
Kelp, 114 
Kelvin, Lord, 528 
Kernel, 428 

Kew, Royal Botanic Gardens, 91, 
306, 455, 504, 506, 544 
Kidston, R,, 92, 534 
Knight’s wheel, 485 
Knop, 117, 141 

Laboratory benches, 41 
Lady fern, 516 
Lamark, J., 533, 538 
Lamella, Middle, 102, 106 
Lamina, 47, 2()2 
Lammaria^ 217 
Lang, W. H., 92, 535 
Larch, 18, 20, 40, 169, 196 
Larkspur, 417 
Latex, 340, 341, 342, 365 
Laticiferous tissue, 340, 341 
Laundry, 127 
Laurel, 25 
Lavender, 346 
Lawes, Sir J. B., 115, 118 
Lawn, '517, 

Layering, 70 ; Vegetative propaga- 
tion by, 71 
Leaching, 118 

Leaf, 45, 46, 47, 48, 202, 463 ; base, 
47 ; blade, 47 ; Compound, 48 , 
External appearance of, 202 ; 
Foliage, 10,46 ; Internal structure 
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of, 205. 207; niould, 118; 
Xv\-tina.stic movement of, 490 ; 
scar, 48, 44 ; Simple, 48 ; stalk, 
IT; Torn, 472; Tropisms of, 
489 ; I'scs of, to man, 205 
Leaf-carl disease, 16 
D’af-fall, Autumn, 25, 203, 204 
J.ealiet, 47, 48 
Leather, 339 
Leaven, 275 
Legume, 418' 

Leguminosse, 170 , , 

•Lemon, 304, 347, 369, 425 ; juice, 
367 

Lemonade, 425 
Lens, 107, 108 
Lenticei, 44, 45, 55, 261 
Lettuce, 205, 369, 459 
Liane, 191 

Lichen, 112, 314, 503 
Life, 2 ; Evolution of, 530 ; Length 
of, 24 ; Origin of, 527 
Light, 220, 230, 237, 257, 452, 460, 
469, 503 ; Excess, 77 ; Inter- 
mittent, 469 

Lignin, 101, 103, 106, 133 
Lilac, 211, 346, 473 ■ 

Lily, 74, 76, 330 ; Bulb of, 76 ; of 
the vailev, 346 
Lime, 122,*' 

Limestone, 498 
Lind, James, 367 
Ling, 515, •521 

Linnaeus, C., 87, 89, 384, 546 

Linseed oil, 139 

Lipase, 224 

Liqueur, 349 

Lister, Lord, 293 

i at unis, 332, 50 1 

iJverwort, 17, 510, 531 

Living, 1 ; tissues, 98 

ia>am, 500 

L(jeust, 295 

Loefiier, 294 

Loganberry, 435 

Logging, 194 

Logworxl, 196 

Long Asliton Research Station, 
303, 414 
Love apple, 421 
iwove-iu-a-mist, 397, 470 
Love-lies-bleeding, 452 
Lubrication, 139 
Lumber, 193 


Lumen, 101 
Lyeil, Sir Charles, 535 

Macaroni, 131, 137 

Magnolia, 531 

Mahogany, 41, 196 

Maize, 56, 82, 125, 129, 137, 171 ; 

Root system of, 60 
Malaria, 288 
Male fern, 515 
Malgighi, M., 90, 93 
Malic acid, 482 
Mallow, 416 
Malnutrition, 111 
Malt, 276 

Mangrove swamp, 54, 58, 61 
Manson, Sir Patrick, 289 
Mantle, Incandescent lamp, 134 
Manure, 114; Artificial, 115, 117, 
120, 175; Farmyard, 501 ; Nat- 
ural, 118, 121, 1.22; Results of, 
119, 121, 122 
Maple, 41, 125, 196, 516 
Marestail, 508 
Margarine, 139, 432 
Marl, 500 
Marmalade, 425 

Marram grass, 242, 243, 254, 526 
Marrow, 426 
Marsh, 519, 522 
Marshmallow, 519 
Marsh marigold, 387, 417, 519 
. Mat grass, 244, 522 
Mat-making, 192 
May, 71 

Maximov, H. A., 246 

Meadow, 517 ; cranesbill, 441 ; 

fantall, 517, 620 ; fescue, 517 
Meadowsweet, 519 
Meat, 135, 137 
Medicinal plants, 359, 861 
Medicine, 206 
Medicine men, 360 
Medullary ray ; Primary, 181; 

Secondary, 185 
Membrane, 147 
Mendel, J. G., 90, 540, 641 
Mendeleef, 533 
Mendelism, 540, 542 
Meningitis, 291 
Meristem, 160 
Meristematic cell, 1 60 
Mcsocarp, 426, 430, 431, 441 
Mesophyll, 206, 207 
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Mesophyte, 503 
MetaBofism, 466 
Metaxylem, 163, 164, 165, 182 
Meteorite, 529 
Michuria, Ivan, 545 
Micropyle, 403, 405, 407, 444, 445 
Microscope, 6, 90 ; Compound, 
108 ; Simple, 107, 108 ; slide, 109 
Milk, 137, 370 
Millet, 305 
Millon’s reagent, 144 
MhnosUf 347 ; pudicaf 454, 492, 
493 

Mineral salts, 95, 111, 113, 162, 248, 
471 

Ministry of Agriculture and Fish- 
eries, 302, 434, 519 
Mint, 64, 206 

Mistletoe, 312, 313, 314, 438 
Mistral, 237 

Modifications, 28 ; of leaf, 73 ; of 
root, 52 ; of stem, 58 
Mohl, H. von, 90 
Molasses, 126, 278 
Molecule, 237 
Moneywort, 66, 69, 189 
Monkshood, 332, 417, 418 
Monoohasium, 379, 380 
iilonocotyledon, 185, 186, 446, 547 
Monoecious plant, 374 
Moorland, 521 
Morgan, T. H., 544 
Morison, R., 89 
Morphine, 366 
Morphology, 2, 86, 90 
Mortar, 126 
Mosquito, 289 
Moss, 17, IS, 503, 510, 530 
Mould, 16, 307, 308, 809 ; Hn, 16, 
307, 308, 309 

Movement ; Mechamsm of, 479 ; 
Nastic, 490 ; Nyctinastic, 490 ; 
Photonastic, 491; Thermonas- 
tie, 491 ; Traumatonastic, 492 ; 
Types of, 478 
Mucor, 15, 307, 308, 309 
Mullein, 243, 336 
Multicellular plant, 97 
Mumps, 294 
Muscatel, 423 
Musci, 17 

Mushroom, 16, 309, 310, 315, 503, 
535; Fairy -ring, 311 ; spawn, 
311 


Mustard, 50, 205, 350, 362, 452, 488; 
Black, 362 ; Garlic, 517 ; Hed^'e* 
517 ; White, 474, 488 ’ 

Mutation, 538 

Mycorrhiza, 168, 169 ; Ectotropldc, 
168 ; Endotrophic, 168, 169 
Myrosin, 352 
Myrrh, 348 
Myrtle, 76 

Narcissus, 330 

Nastic movement, 490 

Natural History Societies, 551 

Natural Selection, 537 

Nectar, 383, 400 

Nectary, 882, 389 

Nepenthes, 325, 326 

Nettle, Stinging, 209, 215, 517, 519 

Nicotine, 366 

Nitrates, 115, 169, 175 

Nitrites, 176 

Nitrobader, 176 

Nitrogen, 8, 113, 137, 167, 170, 175; 
Atmospheric, 171 ; cycle, 170, 
176 ; fixation, 173 
Nitroglycerine, 134 
Nitrosofnonas, 176 
Node, 32, 63, 69, 463 
Nodule, 172, 174 
Non-living, 3, 529 
Non-seed plants, 12 
Non-sugar, 126 
Nuoellus, 403, 405, 408 
Nut, 415; Brazil, 138, Filbert. 

416 ; Hazel, 416 
Nutrient salts, 234 
Nutrition, 8, 470 ; Holophytic, 10 ; 

Holozoic, 10 ; Irregular, 287 
Nyotinastic movement, 490 

Oak, 38, 41, 50, 159, 193, 196, 
374, 473 ; apple, 337 ; wood, 

470 

Occasional plant, 513 
Oenin, 332 
Off-set, 68, 70 

Oil, 137, 144, 268 ; gland, 425 
Oil-cake, 139 
Old man’s beard, 439 
Olive, 138 ; oil, 138 
Onion, 74, 83, 109, 124, 222, 459, 
466, 470 
Opium, 341, 365 
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Oran-c, 246, 304, 367, 369, 37i, 
42.') ; biossom, 347 ; plantation, 
425 ; tree, 170, 246 
Orvhard, 427, 433, 434 
(krhid, r>4, 57, 167, 504 
{)r<it‘i% 54S 

Oriians, 2S 

Osmosis, 148, 149, 157, 262, 508 
Osmotic pressure, 148, 149, 150 
Osterhout, W. J. V., 155 
Ovary, 384, 390, 391, 393, 397, 405, 
407, 417, 420 ; Apocarpous, 393, 
394 ; Inferior, 394, 395 ; Super- 
ior, 394, 395 ; Syncarpous, 393, 
394 , 

Ovule, 385, 392, 393, 394, 395, 403, 

404, 405, 407 
Ovum, 373 
Oxidase, 225, 263 

Oxygen, 8, 113, 137, 231, 257, 451, 
460, 504 

Pabola, Gaspar de, 19 

F®ony, ■ 547 , ■ 

Falseobotany, 2 

Falm : cabbage, 431 ; -kernel 

oik 139 ; oil, 139 ; Palmyra, 
304 

Panama disease, 306, 543 
f’anelling, 41 
Panicle, "376, 377, 380 
Pansy, 389, 419 

Paper, 134, 192 ; VViliesden, 135 
Pappus, 440 

Parasite, 287 ; Semi-, 312 
Parenchyma, 98, 163 
Parsley,‘206, 378 ; FooPs, 378 
Parsnip, 53, 158, 378 
Past(‘, 127 

Pasteur, L., 292, 529 
PatholoLO*, Plant, 2, 87, 93 
Pea, 18,' 47, 127, 170, 295, 373, 

405, 441, 440, 459, 530, 542; 
Fkmal formula of, 396 ; Flower, 
396; Ovary and fruit of, 407; 
Sweet, 368 ; Water cultures of, 
120 

Peach, 200, 426 
Pear, 102, 433 
Pearson, Karl, 544 
Peat, 42, 522 
Pedicel, 375 
Peduncle, 375 
Pelargonin, 332 


Pelargonium^ 112, 209, 250, 332, 
441 

Pellagra, 369 
PenicilUumy 309 
Pepo, 426 

Pepper, 350, 361 ; Cayenne, 351 
Pepper-hox mechanism, 440 
Perception, 479 
Perennation, 63, 75 
Perennial, 25, 37, 52, 203, 471 
Perfume, 346 
Perianth, 389 

Pericarp, 408, 4H, 418, 422, 425, 
430, 441, 455 
Pericycle, 164, 166 
Periodic law, 533 
Periodicity, 473 
Permeability, 147 
Permeable membrane, 147 
Perry, 434 
Pests, Garden, 459 
Petal, 78, 80, 382, 386, 388, 389, 
395, 396, 407 

Petiole, 47, 71, 76, 113, 202, 469 
Petrol, 280 
Petroleum, 268 
Pfeffer, W., 482 

Phloem, 42, 99, 163, 164, 166, 167, 
180, 181, 182, 199, 249, 471 
Phosphates, 116 
Phosphorus, 8, 113, 137 
Photonasty, 491, 492 • 

Photosynthesis, 208, 214, 217, 256, 
270, 451, 465, 469 ; Conditions 
necessary to, 220 ; Products of, 
222 “ ■ 

Phototaxis, 480 

Phototropism, 487, 488 ; Region of 
perception, 489 ; Region of re- 
sponse, 489 ; Transverse, 489 
Phyliode, 77, 78, 79 
Physiographic factor, 512 
Physiology, Plant, 2, 86, 92 
Fig’s bladder membrane, 149 
Piliferous layer, 165, 168, 169, 261 
Pine, 41, 169, 196, 522 
Pine-apple, 125, 435, 436 
Pink, 387 
Pip, 433 
Piperine, 351 

Pit, 101, 106, 107 ; Bordered, 106, 
107 ; Simple, 106, 107 
Pitcher plant, 324, 326, 326, 327 
Placenta, 420 
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Waceiitatioti, 393, 394, 420 ; Axile, 
394 ; Free central, 394 : Parietal, 
394 

Plagues, 291 
Plane, 42 
Plant-animals, 6 

Piantain, 188, 420, 510, 517 ; 
Cross -pollination in, 399 ; In- 
florescence of, 376 
Plasma membrane, 155 
Piasmolvsis, 152, 153 
Pliny, The Eider, 88, 336 
Ploughman’s spikenard, 189 
Plum, 65, 197, 199, 426 ; Diseases 
of, 427 

Plumule, 404, 406, 445, 448, 449, 
450,455,457 
Pod, 407, 418 
Pollarding, 35, 36 
Pollen, 384, 397, 398, 405; tube, 
403, 405, 489, 564 
Pollination, 385, 397 ; Cross, 397, 

399, 543 ; by day, 492 ; Insect, 

400, 402, by night, 482 ; Self, 
397 ; Wind,* 399 

Pomade, 347 
Pome, 433 
Pond, 519 

Poplar, 22, 110, 196, 374 
Poppv, 33, 341, 365, 382, 390, 420, 
440,454,519 
Poppy -seed oil, 139 
Potamogetonf 505, 508, 520 
Potash, 114, 115, 471 
Potassium, 113 

Potato, 59, 63, 64, 82, 98, 127, 136, 
295, 474 ; blight, 15, 16, 87, 296, 
297, 298, 301, 315 ; wart, 301, 
303 

Potometer, 250 
Pottery, 131 

Practic'al work, General directions 
for, 48 

Pressure, 147 ; Osmotic, 148, 166 ; 
Root, 167 ; Suction, 147, 151; 
Wall, 150 
Priekiy pear, 246 
Priestley, J., 219 

Primrose, 22, 386, 391, 393, 409, 517 
Prince’s feathers, Love-lies- 
'■ "bleeding' 

Privet, 23, 27, 45 
Protease, 225 
Protection, 58, 75, 78, 160 


Protein, 94, 111, 130, 135, 136, 144 
172, 176, 214, 218, 222, 224, 264 
428 

Protococcus, 12, 462, 503 
Protoplasm, 92, 101, 111, 123, 135, 
151, 154, 172, 223, 529 ; Cliemb 
cal analysis of, 94 
Protoxylein, 163, 164, 165, 182 
Pruning, 354 
Prussic acid, 130, 335 
Pteridophy ta, 1 7, 20, 42 
Puccinia graminis, 297, 298 
Pulp, Wood, 134 
Pulses, 171 
Pulvinus, 493 
Purple loosestrife, 452 
Quadrat chart, 511 
Quarantine, 292 
Quince, 199 
Quinine, 362 

Rabies, 294 
Raceme, 376, 379, 380 
Radicle, 404, 406, 445, 449, 469, 
483, 484, 485, 486 
Raffiesia, 300 ; Arnoldi, 301 
Ragged robin, 519 
Rain, 498 

Rainfall and forests, 196 
Raisin, 423 

Raleigh, Sir Walter, 345 
Ranales, 548 
Ranunculaceae, 548 
Rape oil, 139 
Rare plant, 513 
Raspberry, 71, 435 
Ray, J,, 88 
Rayner, M. C., 170 
Rayon, 135 

Rays, Ultra- violet, 370 
Receptacle, 78, 381, 382, 390, 394, 
395 ; Succulent, 412 
Recessive characteristic, 542 
Reclamation of land, 509 
Redwood, 18, 21, 39 
Reed, 520 
Reinke, 94 
Rennet, 225' ■ 

Rennin, 225' . . . 

Reproduction, 4 ; Advantages of 
sexual, 436 ; Sexual, 372, 436 ; 
Vegetative, 60, 65, 68, 70, 71, 75, 
80, 82, 272, 374 : Vegetative, in 
the garden, 80 
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Researcli Stations, 303 
Respiration, 257, 270, 450, 466, 
469 ; MtoUc, 268, 281, 282, 283 ; 
Anwrobic, 268, 282, 284 ; Heat 
of, 284 ; Rate of, 259 
Respiratory value, 263, 264 
Response, 5, 480 
Retina, 52 , 

Rhizome, 63, 64, 68, 69, 127, 424, 525 
MMzophora 'mucro7iata, 61 
Rhododendron, 48, 199 
Rhubarb, 412, 475 
Rice, 128, 304, 369, 549 , grass, 
509 ; Seedling of, 459 
Rickets, 368, 370 

Ringing, 423 ; experiment, 248, 
249,254 

Rings, Annual, 39, 40 
Ringworm, 16, 290 
Rock, 497, 498, 527 ; particles, 599 
Bodewald, 94 

Root, 28, 30, 158, 162, 164, 165; 
Adventitious, 30, 82, 83, 53, 58, 
59, 61, 69, 81, 249 ; Aerial, 54, 65, 
57 ; Anchorage of plant by, 158 ; 
Breathing (Respiratory), "55, 58, 
508 ; Buttress, 58, 60V 61 ; cap, 
53, 161, 463 ; Climbing, 56, 69 ; 
Fibrous, 30, 32, 169, 457 ; Food 
storage in, 158, 167 ; hair, 28, 
162, 164, 166, 449, 450 ; Internal 
structure of, 163, 164, 165 ; 
Meristeih of, 160, 161 ; Passage 
of water through, 166 ; pressure, 
167, 178 ; Secondary thickening 
in, 37, 185, 187 ; Tap, 28, 30, 31, 
53, 64, 158; tuber, 52, 68; of 
tree, 511 ; of wheat, 159 
Rope, 133 

Rose, 18, 48, 65, 71, 79, 84, 197, 
199, 346, 411; Attar of, 347; 
(■hristnias, 387 ; Collective fruit 
of, 411 ; Wild, 71, 516 
Rosemarv, 347 

Rosette plant, 188, 189, 190, 518 
Rosewood, 196 
Ross, Sir Ronald, 289 
Rotation of crops, 122, 174 
Rothamsted Experimental Station, 
114, 121, 122, 295, 303, 471 
Rotting of tissues, 471 
Rubber, 304, 340, 343, 342, 343, 
344 ; Research Scheme, Ceylon, 
306 ; substitute, 138 


Rum, 126, 278 
Runner, 66, 70, 412 
Rush, 519 

Russell, Sir John, 115, 303, 500 
Rusts, 297, 298 
Rye, 130 

Sachs, J. von, 318, 467 

Sage, 206 ; Pollination of, 401, 402 

Sago, 127,128 

Salad, 205 ; oil, 138 

Salisbury, E. J., 511 

Salt marsh, 508 

Saltwort, 508, 509 

Samara, 414, 416, 439 

Sand, 500 ; dune, 508, 526 

Sandal, 347 

Sandstone, Red, 500 

Sap wood, 37, 39 

Saponifieation, 139 

Saponin, 335 

Sapota achms, 131 

Saprolegnia, 290 

Saprophyte, 288, 307 

Sargasso* Sea, 14 

Sarraceniaf 327 

Sausage-paper membrane, 148, 
155 ■ 

Scalds, 339 

Scar : Seale, 43, 44 ; Leaf, 43, 44 
Scarlet pimpernel, 419 
Schizocarp, 416, 417, 438, 441 
Scion, 197, 198 
Sclerenehyma, 101, 102, 103 
Scots pine, 46, 168, 196 
Scott, B. H., 90, 92, 535 
Scurvy, 366, 369 

Sea, 508 ; -kale, 419 ; rc)ck(‘1, 50S ; 

-water, 113; wrack, 13, 14, 182 
Seaweed, 13, 14, 112, 505 
Secondary thickeiiing, 37, 38 : in 
root, ife, 187, 188, 201 ; in 
183,184,185,201 
Sedge, 64, 83, 113, 520; Sand, 
Rhizome of j 68 

Seed, 60, 404, 406, 407, 410, 439, 
436, 444; Dormancy of, 452; 
Endospermous (Albuminous), 
406, 444 ; Germinating capacity 
of, 456 ; Light-hani, 452 ; Ligiit 
sensitive, i‘>2 ; Non -endosper- 
mous (exalbuminous;, 406, 444 ; 
plants, 12, IS : Viability oL 453 
Seedling, 457 ; Care of, 458 
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JSelf'Cfive ab.sorptioii, 154 
8orai-])en£K‘abie membrane, 147 
8(‘nsitive plant, 454 
8e})al, 78, 80, ^581, S82, 385, 395, 
396, 408 

Serjuoia, 18, 21, 196 
Seward, A. C., 02, 535 
8heep\s fescue, 244 
Shen-rung, Emperor, 353 
Shephcrdla canadensis^ 209 
Shepherd’s purse, 418, 419 
Shield fern, 17, 18 
Shoot, 28, 30, 180 
Shrub, 23. 25, 203, 471 
Sieve : plate, 09, 100 . tube, 09, 
100, 105, 218 
Silage, 171 
Silica. 200 
Siliqua, 418, 419 
Silk, Artilicial, 135 
Slit, 500 
Siniurui, 352 
Sloe,' 71 
Smallpox, 204 
Smr^kts Tobac-co, 473 
Snapdragon, 419 
Snowdro]). 330 
SnulT, 341 
Soap. 138, 432 
Soap nut, 336 
Sodium, iI3 
Soft-grass, 514, 515 
Softwood, 4i, 102, 106 
Soil, 161, 162, 196, 407, 498 ; Acid, 
T22, 522 : Alkaline, 523 , Cal- 
careous, 490 , Clayey, 500, 514 ; 
Colour of, 501 ; Goinposition of, 
400 ; Limy, 400, 514 ; jiarticles, 
150, 501 ; Passage of water 
tliruugh, 502 ; Sandy, 514, 525 ; 
Sterile, 117 ; Sub-, 407, 498 
Sol, 04 

SnldanrUa afpina^ 262 
vSoIomoii’H seal, t)4 ; Rhizome of, 
69 

Solute, 03 
Solution, 93 
Solvent, 93 
Homeratia alba^ 58 
Sorrel, 517 
Southern pine, 103 
Spanish chestnut, 46 
Spartina, 500 
Spawn, Mushroom, 311 


Species, 532, 547 ; Sub-, 548 
Spent char, 126 

Sperm, 373, 404, 405, 540 : of fern 
481 

Spha.gmi)n, 522 
Spice, 348 
Spike, 376, 380 
Spikenard, 348 
Spinach, 205 

Spine, 58, 63, 75, 77, 78, 246 
Spirits, 278 
Spirogyra, 18, 462 
Spontaneous generation, 291, 529 
Spore, 273, 307, 308, 510 
Spraying mixture, 302 
Spruce, 169, 196 
Stalactite, 4 

Stamen, 78, 80, 382, 390, 391 
395, 396, 398, 408 
Standard, 389 
Standard tree, 199 
Starch, 60, 63, 75, 123, 126, 130, 
143, 191, 218, 223, 274; Types 
of, grains, 128 ; sheath, 181 ' 
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